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developed by the military more accessible to vocational 
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The course materials were aoqxiired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the lilitary 
were deleted, copyrighted materials were either onitted or appro- 
val for their use was obtained. These course packages contain 
curriculum resource materials which can be adapted to support 
vocational instruction and curriculum development. 
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Ove^vf ew * Twenty One 

OVERVIEW 

BASIC ELECTRICJTY AND ELECTRONICS 
MODULE TWENTY ONE 
Basic Transisto>^ Theory 



In this module you wiil learn how to identify the two types of tran- 
sistors» how tc identify the three leads of a transistor* and hew a 
transistor can be compared to a variable resistor. You will learn the 
voltages required for conduction of the two types of transistors (this 
is called bias) and the max imum output signal ampl i tude poss ibl e from a 
transistor circuit. You will also be able to identify six basic tran- 
sistor circuits* their functions* and two classes of bias for operation. 

This module has been divided into the following five lessons: 



Lesson 


t 


'L"isson 


1 1 


Lesson 


in 


Lessen 




Lesson 


V 



Basic Transistor Theory 
Trans i stor Biasing 

Basic Transistor Amplifier Functional Analysis 
Basic Transistor Amplifier Configurations 
Basic Transistor Amplifier Circuit Analysis 
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OVERVIEW 
LESSON I 

Basic Transistor Theory 

!n this lesson you will^begin your study of transistors. You will earn 
how to distif^gulsh between the two basic types of three-element transis- 
tors and identify each of the elements |4^hown on the schematic .Si'nboK 
You will learr how ^iiey function and compare them to a variable res stor. 

The learning objectives of this lesson are as follows: 

TEftHINAL 0BJECT!VE(S): 

i\AA2 When the student compVeteSi this course, he will be able to 
TR0U8LESH00T 'ian audio amplifier training device, given the 
required test equipment, schematic diagram, and a prefaulted 
audio ampUfie/. Faults to be limited to open or shorted 
components; no more than one fault per problem. ^Remove/ 
replace a similar component qn a practice card. 100^ 
^ accuracy i s requi red. 

ENABLING- 08JECTI VE{s) . * - 

When the student completes this lesson, he will be able to: 

2]A.h2.] COMPARE the operation of a transistor to a variable ''<:'>istor, 
, ,by selecting the correct statement from a croup of f o. r or 

identifying the correct circuit configuration with 
^ accuracy, 

21.1,^*2,1.1 SELECT the schematic symbol for the^o^ponent which fjictions 
irK)st like a transis*tor from a choice o| four schematic symbol 
of non-active components. 100^ accuracy is requiretL. 

21,1,^2,1.2 ANALYZE the effects of a change in circuit resista»tc; on. 

Current and voltage by selecting the correct yoltasse^ 
Current relationsh ^s from a -gr^pup of four, given a s<he- 
' fr,atic diagram of a circuit containing a source connected 
to a variable resistor tn series with a lo.^d. \ob% 
accuracy is required, 

21,1,^2.1,3 DETERMINE the resultant qualitative voltage drop acr. ss a 
transistor when that transistor^ conductivity incr< ises/ 
decreases, by selecting the correct choice from a ) it of 
four possible choices. 100^ accuracy is" required. " 
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OVERVIEW 



2KK'*2J.'* IDENTIFY the schematic symbol for a three element PNP tran* 
sistor by selecting the correct symbol-* from a set of four 
choices* 100? accuracy is required. 

21,1.^*2.1.5 IDENTIFY the schematic symbol for a three element NPN tran- 
sistor by selecting the correct symbol from a set of four 
choices. 100^ accuracy is required* 

21,1,^*2.1,6 IDENTIFY the name of each lead on a transistor schematic sym- 
bol by matching the correct name, from the Msl provided, with 
each lead as numbered on the schematic symbol shown. 100? 
accuracy ij> required. 

21,1.^*2.1.7 IDENTIFY the collector, bsse, and emitter leads on an actual 
transistor, given a transistor. 1 OOX accuracy ' is required, 

21.1.^*2.1,8 IDENTIFY the major current flow through an NPN/PNP transistor 
by selecting the schematic symbol for an NPN/PfCP transistor 
which correctly illustrates the major curreSit flow from a 
list of transistor schcj^atic symbols. 100? accuracy is 
required. 



BEFORE YOU START Ti^lS LESSON* R^M> THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STU9Y RESOURCES ON THE NEXT PAGE. 
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Study Resources Twenty One- I 

LIST OF STUDY RESOUJ<CES 
LESSON I 

Basic Transistor Theory ' 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the follow- 
Ino study rasources: 

* n Lesson presentation In: 

.lodule Booklet: 

\ 

Summary 

Prbgrammed Instruction a 

Narrative ^ 

Student's Guide: \ 

Job Program Twenty One-1 "Transistor Identification" 
Progress Check 

"^Additional Material(s): 

Audio/Visual Program Twenty One-1 "Basic Transistor Theory" 

Enrichment Material (s): 

^ Electronics Installation and Maintenance Book, Electronic Circuits, 
NAVSHIPS 0967-000-0120, section 5. 



YOU HAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE (EARNING 
SUPERVISOR; HOWEVKR, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE ' ESSON OBJEC .'ES. THE PROGRESS CHECK MAY BE TAKEN AT ANY 
TIME. 
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SUMMARY 
LESSON I 



Basic Transistor Theory 



^ranslstors were Invented at Bell Telephone Laboratories In 19^8^ and 
nave practically replaced tubes In modern electronic equipment* 

Functional ly» the transistor can be compared to a variable resistor 
because It Is able to vary the current through the circuit It Is In* 
(The transistor Is a current amplifying device,) Because we are mostly 
concerned with current, when using transIstoPVwe speak of a transistor's 
conductivity, ' 

Transistor action Is similar to a variable resistor In a series reg- 
ulator circuit. Increasing the^reslstance decreases the current through 
the variable resistor but Increases the voltage across the variable 
resistor. The transistor. In essence, does the same thing. As Its 
conductivity Increases, the voltage across the transistor decreases, 

A circuit will normally show the tie point between the circuit and Its 
power source as a line* a line with an arrowhead, or a line with a dot 
with a +, Vcc, -Vcc, or a letter of the alphabet (See Figure 1), 



-+150v 



+Vcc 



-10V#" 



Figure 1 

As shown In Figure 1, the line can be up, down, or on Its side, but will 
always Indicate a tie point between circuit and power supply. 
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The basic transistor is comprised of three elements: the emitter, the 
base^ and the collector. Schematically^ the transistor looks like the 
illustration in Figure 2, 



COLLECTOR 
EMITTER 



Transistor Elements 



Figure 2 



There are two types of three element transistors, NPN and PNP. The NPN 
will have the arrow on the emitter N^OT P^OINTED IN^. The PNP will have 
the arrow P^OINTED IN from the P^ERIHETER. NPN transistors will be used 
mainly wi th posi tive power suppl ies, and PNP transi stors wi 1 1 be used 
with negative power supplies. In either case the direction of current 
flow will always be against the arrow* See Figure 3^ 




Figure 3 

Transistor elements can be easily identified by some key or mark that 
will be placed on it by the manufacturer. This key or mark will almost 
always be nearest to the emitter* See Figure 




Transistor Lead identification 
Figure ^ 



u 
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Figure ^ shows the underside of a common transistor. The small bump 
identifies the emitter and, going clockwi se, we have the base, then 
the collector. Other base diagrams and transistor data are given 
in reference books such as Electronics Information Maintenance Bulletin, 
transistor manuals, and equipment technical manuals. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRE'^S CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAM RESTUOY THE PARTS OF THI5 
LESSON YOU ARE HAVING Dl FFl CULTY, Wl TH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT ANO USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF- TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



Twenty One- I 



PROGRAMMED IMSTRUCTION 
LESSON t 

Basic Transistor Theory . ' ' 

TEST FRAMES ARE 3 AMD IK GO FIRST TO TEST FRAME 8 AMD SEE IF YOU CAM 
AMSWER THE (JUESTtOM. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 

1. Transistors were invented at the Bell Telephone Laboratory in \%B* 
Over the years It has been discovered that the transistor can do almost 
anythfi^Q a tube can do with greater efficiency^ dependability and at 
a lower aist, so It's no great surprise that transistors have practically 
replaced vacuum tu'b'es In modern electronic equipment. 

Function^ ly the transistor can be compared to a variable resistor 
because It is able to vary the current t:. rough the circuit It is in. 
The big difference is that the transistor Is an amplifying device, the 
resistor is not. (More about this later.) 

Which of the following schematic illustrations can nost readily be 
compared to the transistor? 



c . 



2. When we speak of resistors, we talk in terms of resistance or resis- 
tivity. With transistors we talk In terms of conductance or conductivity 
because a transistor is primarily a current amplifying device. (ConducT 
tance is thie reciprocal of resistance.) Transistors alt^o amplify voltage, 
but remember, current through resistors is the means by which the voltage 
drop is produced . 

When speaking of transistors, we talk In terms of , 



conductance or conductivity (or words to that effect) 
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3* Tranststor action can be compared to the action of a variable resistor 
In a series regulator circuit. (See the lesson on power supply regulators-) 
Let's review this circuit. A variable resistor (Rv) is placed in series 
with a fixed resistance, ^ 

When Rv is increased^ what happens to the voltage across Rv and the 
Current through Rv? 



a. Voltage decreases and current increases. 

b. Voltage increases and current decreases. 

c. Voltage decreases and current decreases* 

d. Voltage increi^ses and current increases. 




b. Voltage increases and current decreases. 



The tranststor, in essence, works the same way. As the resistance of 
th& transistor decreases, conduction increases and the voltage across the 
transistor decreases. Sound familiar? 



What happens !f the transistor's resistance increases? 

1 + 




METER 



a* Conduction increases and voltage across the transistor increases, 

b* Conduction decreases and voltage across the transistor increases* 

c. Conduction decreases and voltage across the transistor decreases, 

d. Conduction increases and voitage across the transistor decreases. 



b. Conduction decreases and voltage across the transistor Increases. 
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5» Take another look at the circuit In Frame Vou wMI notice an 
arr<)w pointing upward with a plus next to it. This arrow does not in* 
dicate an output, U indicates a tie point between the circuit and 
its voltage source. This arrow may point up, down, or sideways, but 
win be shown with a +, Vcc, -Vcc (Vcc is an abbreviation for power 
source), or a letter of the alphabet. When a + or ^ Is used the volt^ 
ages are normally shown. Some examples of this are shown in Figure I, 



+10V 



-150V 



€C 



+Vcc 



Figure 1 

There isn't always an arrow head on the line indicating the power source 
tie point. You may find a dot or just a line as shown in Figure 2, 



cc 



■ox 



-10V 



-•Vcc 



+5V 



+Vcc 



Figure 2 

In any case, at the indicated point the circuit Is tied to the power- 
supply. 

In a circuit schematic, a power supply tie point ( is/Is not) indicated 
by a line going to a +, Vcc, ^Vcc, or letter and ( 1 ndlcates/doesn ' t 
Indicate) a physical connection with the power supplv at that point. 



is» indicates tin that order) 
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6. The basic transistor is comprised of three-elements.._ Schematl^calJ^y,*^ 
the three element transistor is very easy to identify* It resembles the 
letter "Y", 




The easiest element to identtiy is the emitter; tt will always be denoted 
by an arrow* 



Q 



The base is also easy to identify; at its connectfng point it forms a T* 



The final element, the collector. 




Match the correct element names with the numbers on the schematic illus' 
tration shown. 



2, 



2. 
3. 



a. Emitter 

b* Base 

c. Collector 




I. b* Base 

2* c* Col lector 

3* a. Emitter 
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7- The physical elements of the transistor are also easily identified. 
In one of the most. . common base systems there Is some key or mark (a bujTip, 
a dot, a notch, etc.) on the transistor to show where the emitter, is lo- 
cated- p This *'mark" is normal iy close to the emi tter. See Figure 3, 



BASE 



EMITTER 




COLLECTOR 



BUMP TAB 



Transistor Lead Identification 



Figure 3 

Turning the transistor so you are looking at its underside, the first 
element clockwise from the emitter Is the base atid tt-e next is the 
collector. This does not identify the **type** of tr^isfstor (NPN or 
PNP), only the elements; you have to look in the mt^fTuals to find that 
data- Other base diagrams are shown in Job Progra.'i* Twenty 'One- I , 
Electronfcs Information Maintenance Bulletin, transistor manuals, and 
equ ipment technical manuals- 



Label the parts of the transistor shown. 




a. base, b col lector, c, emi tter^ d- bump (tab) 
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8, TEST FRAME 

Which of the following statements about a transistor is nxjst correct? 

a. The element identification mark on a transistor Is usuaTy near 
the collectdr, 

b. The element identification mark on a transistor will tell you 
which type it is, 

c. The element identification mark on a transistor will usually be 
near the emi tter, 

d. The element identification mark or a transistor will usually be 
^ near the base. 



(THIS IS A TEST FRAME, COMPARE YOUR ANSWER WITH THE CORRECT ANSWER 
GIVEN AT THE TOP OF THE NEXT PAGE,) 



) 



a 
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c» The eIement~ident1fication mark on a transistor wilt usually be 
near the emi tter. 



IF yOUR ANSWER HATCHES THE CORRECT ANSWER, YOa HAy GO TO TEST FRAME It. 
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 8 ACAtN. 

9. There are two types of three element transistors. In schematic 
diagr^s they can be distinguished by the direction the emitter arrow 
points. The two types are NPN and PNP. The Initials denote the elec- 
trical properties of these transistors. (P » poqltt/e^ N « negative.) 
The Initials are also an easy way to Identify each. The Initials NPN 
can mean the arrow Is NOT POINTED IN^ and PNP can mean POINTED IN from^ 
the PERIMETER. 

Which of the following symbols represents an KPN transistor and which Is 
PNP7 

Is NPN 




b. ; e. (In that order) 
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10. HPH transistors will be used mainly with positive power supplies* 




PHP transistors will be used mainly with negative power supplies* 




In either case, current will f low against the arron* 

NOTE: Power supplies can be positive or negative* The basic difference 
IS where the output is taken from with reference to grouml. If the nega* 
tive side of the power supply output is grounded, it's a positive power 
Supply, (f the positive line is grounded, it's a negative power su»vW^ 

What voltages on the emitter and collector of a transistor insure proper 
current flowv^ithin the transistor? {5elect al! correct choices.) 

a* WPH " collector positive with respect to the emitter* 

b* PHP * collector positive with respect to the emitter* 

c. HPH - collector negative with respect to the emitter* 

d* PHP - collector negative wfth respect to the emitter. 



a*; d. 



IK TIE ST FRAME 

Which of the folJowin^^ illustrations is most correct? (The broken a^'row 
indicates direction of current flowO 




(THIS IS A TEST FRAME* COMPARE YOUR AHSWER UITH THE CORRECT ANSWER 
GIVEH AT THE TOP OF THE HEXT PAGE.) 
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IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED THE 
PROGRAMMED INSTRUCTION FOR LESSON I MODULE TWENTY ONE. OTHERWISE, 
GO BACK TO FRAME 9 AND TAKE THE PROGRAMMED StQUENCE BEFORE TAKING 
TEST FRAHE 11 AGAIN- 

1 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMtS ^0 THAT YOU CA« RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH- IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON r 

Basic Transistor Theory 



One of thk ^reat advances in electronics toolt^place at Be.ll telephone 
Laboratories In 19^*8 with the Invention of the transistor. Since then, 
transistors have been developed that can do about anything a vacuum 
tube can do with gifeater efficiency, dependability, and generally a lot 
cheaper. It's no gr^tat surprise that transistors have practically re- 
placed tubas !n modern electronic eqtTlpment, so you're going to spend 
a lot of time studying them* 

Functionalty, the transistor ctan be compared to a variable resistor be- 
cause (t is able to vary the current through the ctrcult it is in. (The 
big difference is that the transistor Is ^n amplifying device; the resls* 
tor is not.) 

The transistor *s. primarily a current ampttfyinq device. Transistor 
action c^n amplify voltage, but remember, current control is the means 
by which the voltage Is varied. When we spe<ik of resistors, we talk In 
terms of resistance or ^sistivlty. With transistors we speak of con* 
ductance or conduct iv^ity; that /s, the ability to ^arry current. Remem- 
ber> conductance Is the reclpr^^cal of resistance irr)* 

/ ^ 

The transistor action compares with the. action of a variable resistor 
In a series regulator clrcult.^ (See the^ lesson on power supply regu* 
tators.) Let's review this circuit. A variable resistor (Rv) Is placed 
in series with a fixed resistance. 

When Rv is increased what wtU happen to the voltage across Rv and the 
current through Rv7 



a. Voltage decreases and current increases. 

b. Voltage Increases and current decreases. 

c. Voltage decreases current decreases. 

d. Voltage increases and current increases. 




ERIC 
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(Review che Module on Power Supply Regulators if this is not clear 
to you nowQ 



The transistor, in essence, wc^ks the same way. As the conductivity of 
the Lrdnsistor tncreas^^its resistance decreases), the voltage across 
the transistor decreases, ^ee Figure K 




Figure 1 



Take another look at Figure K You will notice an arrow pointing up"* 
ward with a plus next to ft. This arrow does not indicate ar output. 
It indicates a tie point betv^een the circuit and its voltage source. 
This arrow may point up, down, or sideways, but will be shown with a 
+, -, Vcc, -Vcc (Vcc Is an abbreviation for power source), or a letter 
of the ^alphabet. When a + or - Is used thi^ voltages are normally shown. 

Some examples of this are shown In Figure 2, 



+10V 



"150V 



cc 



+Vcc 



Figure 2 



20 



Narrative 



Twenty One* 1 



There Isn't always an arrow head on the line Indicating the power source 
tie Input* You may find a dot or just a line as shown in Figure 3^ 



+Vcc 



-Vcc 



6 

■10V 



-ox 



■+6V 



+Vcc 



Figure 3 

In any case, at the Indicated point the circuit is tied to the power 
supply, and this is the point at which the circuit receives the power 
It needs In order to operate. 

Before we go further on the operation of transistors, let's look at 
some of Its physical characteristics* 

Th% basic transistor Is comprised of three elements* Schematically the 
tnfee element transistor is very easy to Identify* it resembles the 
letter "Y"* . ^ * 




The easiest element to Identify is the emitter* 
The emitter wilt always be denoted by an arrow. 



The base Is also easy to Identify* At Its connecting point It forms a T 
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The final element, through the process of elimination, is the collector* 



Match the coriect element names with the numbers on the schematic illus- 
tration shown* . 2 



2. 
3. 



a* Emitter 

b* Base 

c* Col lector 




t. b* Base 

2. c* Cot lector 

3* a* Emitter 



The elements of the transistor are also easily identified physically. 
There is always a key or mark (a bump, a dot, a notch, efc) on the 
transistor to show where the emitter is located, as shown in Figure 



-COLLECTOR 



BASE* 



BUMPlTAB 



EMITTER- 



Transistor Lead Identification 



Figure h 

(in most cases the key or mark will be close to the emitter). Figure h 
shows one of the most common transistor bases in use at this time. The 
illustration shows the transistor from its underside. The first element 
clockwise from the emitter is ^rie base and the next is the collector. The 
key or mark on a transistor does not identify the type of transistor (NPN 
or PNP) , only the elements; you have to look in a manual to find out the 
type. Other base diagrams are illustrated in Job Program Twenty One-t, 
Electronics Information Maintenance Bulletin,, tr^sistor manuals, and 
equipment instruction manuals* ^ 
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There are two types of three element transistors* Their schematic symbols 
can be distinguished by the direction the emitter arrow points* The two 
types are NPN and PNP. These initials denote the electrical properties 
of these transistors (P = positive, N « negative)* The initials are also 
easy ways to Identify each* NPN can mean the arrow is NOT POINTED I_N and 
PNP can mean ^the arrow is POINTED IN FROM THE PERIMETER* 

The following symbols represent NPN and PNP transistors* See Figure 5* 




NPN PNP 
Figure 5 

NPN transistors wl 1! be used mainly with power supplies with positive 
voltage outputs and 




NPN 

PNP transistors will be used mainly with negative power supplies, but in 
either case, current will flow against the arrow* 




PNP 



NOTE: Power supplies can be positive or negative* The basic differ- 
ence is where the output is taken from with reference to ground* If It Is 
taken above ground It^s a positive power supply* If it's taken below 
ground It^s a negative power supply* 
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Which of the following illustrations is most correct? (The dashed arrow 
indicates direction of current flow.) 




AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK ftUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE Al>PROPRlATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEOIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS ( I F JVPPL I CABLE) , 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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Transistor- Biasing 

In this lesson you will learn about biasing and how It Is used to control 
the conduction of a transistor. You will learn why the two types of tran" 
sistors require voltages of opposite polarities and how to determine which 
transistor requires which polarity. You will study about the control func- 
tions of the trans Istor * s base, the reason for using stabilization compo-^ 
nents, and how to determine the maximum amplification possible for a given 
ampl If ler. 

The learning objectives of this lesson are as follows: 
TERMINAL OBJECTIVE(S): 

21*2*^2 When the student completes this course, he will be able^to 
TROUBLESHOOT an audio amplifier training device, given the 
required ':est equipment, schematic diagram, and a prefaulted 
audio amplifier* Faults to be limited to open or shorted 
components; no more than one fault per problem* Remove/re- 
place a similar component on a practice card. 100% accuracy 
Is required.' 

ENA3LtNG'0BJECTtVE(S): 

When the student completes this lesson, he will be able to: 

21*2.^*2*3 DEFINE the function or purpose of (1) the transistor, (2) 

static/dynamic bias, and (3) stabilization !n the conversion 
stege of an amplifier by selecting the correct statement 
from a list of four choices, only one of which is correct*. 
100% accuracy Is required* 

21*2*^2*3.1 DEFINE static/dynamic bias by selecting the best statement 
from a list provided. 100^ accuracy is required* 

21*2*^*2*3.2 SELECT the PNP and the NPN transistor schematic symbols'la-' 
belted with relative voltage polarities (bias) which will 
enable each of them to conduct, given sets of h schematics 
{one set for each type), one of which ih properly polarized* 
100% accuracy is required. 

21*2*'*2*3*3 DETERMINE a transistor amplifier's maximum peak-to-peak out- 
put, given a transistor amplifier circuit with Vcc Indicated 
and a Hst of four choices, only one of which Is correct* 
100% accuracy is required. 
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OVERVIEW 



21. 2-^*2-3-'* IDENTIFY the basic reason for providing stabilization in a 
transistorized circuit by selecting the correct statement 
from a set of four choices only one of which is correct. 
100^ accuracy is required. 

21.2.^*2.3.5 IDENTIFY the stabilizing component(s) in a schematic diagram 
of a basic common emitter amplifier circuit by selecting 
the correct stabili7.ing component from a set of four choices 
only one of which is correct. ICOS accuracy is required. 

21.2.^*2.3-6 SELECT the name of the -trans istor element that controls 

current flow through the transistor, from a list of names 
including coUector^ emitter^ and base. 100% accuracy is 
requi red. 

21.2.^*2.3-7 ANALYZE the effects on th eduction of a PNP (NPN) tran- 
sistor when a positive (or negative) input alternation is 
applied to the base by selecting from a choice of four state* 
ments only one of which is correct. 100^ accuracy is re- 
qui red. 

21.2.^*2.12 OBSERVE and MEASURE the bias and its effects on a transistor 
amplifier given a training device, an oscilloscope, and a 
multimeter. 100^ accuracy is required. 

21.2.^*2.13 OBSERVE the effects of temperature on the conduction of a 

transistor given a training device, and a multimeter. 100% 
accuracy is required. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON I I 

Transistor Biasing 



To learn the material in th!s lesson* you have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources: 

Written Lesson presentation In: 

Module Booklet: 

Summary 

Programmed Instruction 
-Narrat i ve 

Student's Guide: 

Audio/Visual Response Sheet Twenty One-ll 

Job Program Twenty One-ll '^Transistor Biasing'' 

Progress Check 

Additional Material (s): 

Audio/Visual Twenty One- 1 I "Transistor Biasing" 

Enrichment Mater ia I (s) : 

•> 

Electronics Installation and Maintenance Book, Electronic Circuits 
NAVSHIPS 0967-000-0120, section 5 



YOU HAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LFARNIHG 

SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 

TD ACHIEVE LESS.ON OBJECTIVES. THE PROGRESS CHECK HAY BE TAKEN AT ANY TIME 
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SUMHARy 
* LESSON -M 

Transistor Biasing 



Static Bias is defined as the DC potentials at thts collector and the 
base wi th respect to the emitter necessary to establish a transistor's 
conduct ton 1 evel « 

The transistor's emitter is always used as the reference point. In an 
NPN transistor biased for conduction* the base will be more positive 
than the emitter* and the collector will be more positive than the base 
and the emitter. In a PNP transistor biased for conduction* the base 
will be more negative than the emttter* and the collector will be more 
negative than the base and emitter* This is shown in figure I* 



+5.5Y 




+4.9V 



+137 



-13V 



N PU 



PNP 



Figure 1 



The voltages shown on the transistors* leads in figure 1 were measured 
with respect to ground. To find the actual static bias voltages across 
the transistor's elements you must: 

K Subtract the emitter voltage from the base voltage for the base- 
emitter static bias voltage (Vbe) * ^ 

2. Subtract the emitter voltage from the collector voltage for the 
collector-emitter static bias voltage (Vce) * 



ERIC 
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The flow of current In a transistor will be agalns'j the arrow, as shown 
In Figure 2. 




+3v 



-2v 



% Current Flow in NPN<and PNP Transistors 

Figure 2 

As you can see from Figure 2, no current flows between base and collector* 
The emitter current In both transistor types Is a combination of both 
the base and collector currents* 

Figure 3 shows an NPN transistor circuit, f*^*^* 




NPN Transistor Circuit 
Figure } 

The voltage applied to the collector comes from the +10 volt supply 
through R2. 

The base^emitter bias voltage is produced by the current flow from ground 
through the base-emitter, through Rl, to the +10 volt supply. The base- 
emitter has a certain resistance which will produce a voltage drop across 
It. The amount of voltage will be determined by the amount of current 
Rl a!!ows to flow in the base-emitter circuit. Changing Rl*s value 
changes the amount of current that flows in the base-emitter circuit 
giving us an easy way of changing base-emitter static bias voltage (Vbe)* 
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The transistor^s base is its controlling element* Changing the base- 
emitter circuit current^ by changing the voltage applied to the base- 
emitter, will cause a change in transistor conduction'. Because of 
transistor construction it only taker^ a few tenths of a volt across the 
base-emitter to make a large change In conduction in the collector- 
emitter circuit. See Figure 




NPN Transistor Circuit with Input Signal 
» Figure ^ 

A 1,2 volt peak-to^peak sine wave is applied to the base which, in this 
case, has a 0*6 volt D*C* static bias voltage on it* The sine wave will 
add to and subtract from the 0.6 volt DC static bias voltage causing the 
base voltage to vary between 0*0 volts and 1*2 volts, as shown in Figure 5* 

+0.6V 



+O.GV 



Figure 5 

The changing potential caused by the input signal is called Dynami c 
Bias* Dynamic bias is the bias voltage on the base of a transistor with 
a SI gna I applied and is a combination of the input signal and the static 
bias voltage. 
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A sine wave wil 1 cause maximum conduction in an NPN trans ist r during 
its positive variation and minimum conduction during i<s negative 
variation. The increase in conduction causes a decrease in the voltage 
across the t ran si stor< Since vol tage i s what i s seen on an osci 1 loscope, 
you will see a positive-going input as an amplified negat f ve-goi ng out- 
'put. The sine wave's negative variation will show an amplified positive- 
going output. This is shown in Figure 6. 

1+IOv 




Figure 6 



PNP transistors work the same. A pos! tive-going input produces an 
amplified negative-going output. 

The potential for the collector is called Vcc or collector supply voltage. 
Regardless of the amount of amplification, the peak-to-peak output vol- 
tnqe cannot exceed the value of Vcc. 

Heat can easily destroy a transistor. For this reason transistorized 
equipment is normally located in air conditioned spaces. However, a 
transistor can create its own Internal heat which can destroy it even 
though it may be in an equipment which is located in an air conditioned 
space. 

In the fixed base bias circuit* Figure 7* the only control over static 
base-ep^'tter current is the resistance of the bascemitter and Rl's 
res i s tance. 




Figure 7 
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Rl's resistance Is fixed and will not change. However, QI's base-emitter 
resistance will decrease if a certain teinperature limit Is exceeded. If 
the base-emitter 'eslstcnce begins to decrease, more current will flow 
through the base-emitter Increasing col l^ector'-eml tter current flow. As 
the collector-emitter current flow Increases It causes more internal heat- 
ing of the transistor* The extra heat Increases base-emitter current 
which Increases collector-emitter current again producing more heat. 
Once started, this procesSt^ailed thermal rurtawaV , continues until 
the transistor destroys Itself, Thermal runaway cab be prevented by the 
Addition of a stabilizing resistor, cctUed an emitter resistor, between 
a transistor's emitter and groun.1 as shown In Figure 8, 




OUT 



NPN Transistor Circuit with Emitter Resistor 
Figure 8 

Emitter resistor R3 has a large resistance as compared to the resistance 
of the base-emitter. Now, the base-emitter resistance is only a small 
percentage of the total base-emitter circuit resistance* If base-emitter 
resistance decreases from heat there will be practically no change In 
base*emitter current flow. 
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However^ the emitter resistor causes degeneration (reduced signal ampii^ 
fication) as the signal developed across'^it is in^^hasewith the input 
signal reducing dynamic bias. To prevent degeneration, ai) emKter by-pass 
capacitor (Cl in Figure 9) is added to shunt (by-pass) the degenerating 
signal voltage to ground without effecting the static bias voltage. 




H?H Transistor Circuit with Emitter Resistor and Emitter Bypass Capacitor 

Figure 9 

There i.s ont- other C3uf^ of thermal runaway which does not always occur 
as it >:> c^ependent on circuit des-ign and application. 

In some circuits it is possible for the transistor's base to build up 
a charge, positive for NPN and negative for PNP- In ^ither case, the 
charge increases the transistor's foi^ard bias. An increase In for- 
ward bias increases trat^sistor conduction producing internal heating. 
The extra hea*. will further increase the charge again increasing for- 
ward bias and producing more heat from conduction. This cycle, contin- 
ues and we again have thermal runaway. To prevent this type of thermal 
runaway a resistor is placed between the tran:^istor ' s base and ground 
to bleed off the charge as it forms. The resistor is shown as R3 in 
Figure 10. 
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Figure 10 

R3 will bldfed off the charge that forms on QI's base with very little 
effect on the base bias voltace, stabUizing the transistor. 

AT TOIS POfNT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWEfl ALL SELP-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER'PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
.PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS . 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF„YOU FEEL Tf^AT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHEpK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON 11 

Transistor Biasing 



TEST FRAMES ARE FRAMES 3, 6, 12, 15 AND 19. GO FIRST TO TEST FRAME 3 
AND SEE (F you CAN ANSWER THE QUESTION- FOLLOW THE DIRECTIONS GIVEN 
AFTER THE TEST FRAME. 

t. Vou know that transistors are amplifying devices! You also know 
there are two types (NPN and PNP). v/hat you don't know are the various 
conditions necessary to make the transistor operate. Well, one of 
these conditions Is called Static Bias . Static bias is defined as the 
D.C. potentials a<^the collector and base with respect to the emitter 
that are necessary to establish a transistor's conduction level. 

Static bias may be^deflned as: 

a. The A.X. potentials on the base and emitter leads that set the 
propar amount of conduction prior to the Injection of a signal. 

b. The A.C. potential on each lead that sets the pr er amount of 
conduction prior to the injection of a signal. 

c. The D.C. potentials at the collector and base witi» respect 
to the emitter necessary to establish a transistor's conduction 
level. 

d. The D.C. potential on each lead that sets the proper amount of 
resistance after a signal has been applied. 



cT The D.C. potentials at the collector and base with respect to the 
emitter necessary to establish a transistor's conduction level. 

2. We can start our discussion of bias by looking at static bias voltages 
an<J pblarities for transistor conduction. 

Think of the transistor's emitter as being a reference point. In an NPN 
transistor biased for conduction, the base will be more positive than the 
emitter, and the collector will be more positive than the base and the 
emitter. This Is shown in Figure 1, 




Figure 1 
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These transistors are forward biased (conducting). 

The type of transistor. shown In Figure 1 has thes2 voltage requirements; 
the collector Is 8*1 volts more positive than the emitter, the base is 
.6 volts more positive than the emitter. As you can see from Figure 1» 
many different voltages and polarities can meet this transistor^s voltage 
requl rements. 

}n an HfH transistor biased for conduction the emitter will have the 
(most/least) positive potential applied to U. 



least 



3- TE^T FRAME 

Which of the following transistors has the correct static bias potentials 
applied for conduction? 



a* c. 




(THIS IS A TEST FRAHt, COMPARE YOUR ANSWEK WtTH THE CORRECT ANSWER AT 
THE TOP OF THE NEXT PAGE J 
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IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU HAY GO ON TO TEST FRAME 6. 
OTHERWISE, GO BACK TO .FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 3 AGAIN. 

The voltages on the tr.inslstor' s leads are measured with respect to 
ground. However, to determine the static bias voUage and polarity you 
must subtract the voltage on one lead ^rom the voltage on the other 
lead. For example: 

•Vcol lector = +13V ^+4.9v 



Base-Emitter static bias voltage (Vbe) = Vbase - Vemttter 

= +5.5V - i+^.3M) 
= +.6V 

Collector to Emitter static bias voltage (Vce) = VcoIIector - Vemltter 

= +I3V - i+h,3\t) 

= +8.JV 



Vemltter = M.gV 



Vbase = +5.5V 
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To obtain the correct polarity of the static bias voltage you must remem- 
ber to always subtract the emi tter vol tage from the base or col lector 
vot tage . 

For the following transistor the static bias voltages are; Base-Emitter 
(Vbe) - , Collector-Emitter (Vce) ^ . 



■»-.7V. 4-5.2V (in that order) 
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5* In the previous lesson you learned that the current flow In a PNP 
transistor is the reverse of that in the NPN transistor* This requires 
that^oppostte polarities of static bias voltages be applied to the PNP*s 
leads. This is shown in Figure 2. 



'+0.9V ^ ^-26B.1V 




+9V ^^-'-'S-ISOV 




Figure 2 

Agaiirf use the emitter as a reference point* in a PNP transistor biased 
for conduction, the base will be more negative than the emitter and the 
collector will be more negative than the base and the emitter. 

The type of transistor shown in Figure 2 has these voltage requirements; 
collector 8j volts more negative than the emitter, the base is .6 volts 
more negative than the emitter* Again, many different voltages and 
polarities can meet this transistor's voltage requirements. 

In a PNP transistor correctly biased f<Jr conduction the emitter will 
have the (most/least) negative potential applied to it. 
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6. TEST FRAME 

Which of the fcl lowing PNP transistors will conduct with the given static 
bias vol tages? 



a. c. 




(THIS IS A TEST FRAME. CQMPARE YOUR ANSWER WITH THE CORRECT ANSWER AT 
THE TOP OF THE NEXT PAGE.) 
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h. 

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 12, 
OTHERWISE, GO BACK TO FRAME 't AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 6 AGAIN. 

7. Measuring the voltage potential on any lead of a PNP transistor Is 
done the same way as with the NPN transistor; from the transistor's lead 
to ground. Also to determine a static bias volt*»ge for a PNP transistor 
you subtract one lead voltage from another. For ,,xampte: 



Vcol lector » -I3V 
Vbase - -5.5V 
Veniitter = -^t.SV 



-S.Sv 




-13 V 



-4.9 V 



Base-Emitter static bias voltage (Vbe) = Vbase - Vemitter 

= -5.5V..- (-i».9v) 
= -5.5V + it.SV 
= -.6V 

Collector-Emitter Static bias voltage (Vce) = Vcbtlector - Vemitter 

- -I3V - (-it.9V) 
= -I3V +'t.9V 
= -8.1V 

To insure the proper polarity of Vbe or Vce you must remember to always 
subtract the emitter vol tage from the base or col lector voltage exactly 
as you did with the NPN tranststor. 

For the following transistor the. static bias voltages are; 
Base-Emifter (Vbe) = , Collector-Emitter (Vce) = 



-17v 




-6.2 V 



-1v 
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Vbe = -.7V> Vce " -5.2V 

8, Notice that for both the NPN and PNP transistors current flows against 
the arrow the same as was true for a diode. Current wtll flow from the 
emitter to the collector and the base in the NPN transistor. See Figure 3^ 




NPN Transistor Current 
Figure 3 

Current flows from the collector and the base to the emitter in the PNP 
transistor. See Figure 




PNP Transistor Current 
Figure h 

Because of transistor construction, current will not flow from bas'i' to 

collector or collector to base. The majority of the current flows in 

the emitter-collector circuit with a small amount of current in the 
base-emttter circuit. 
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The emitter current In either the NPN or PNP transistor ts the 

a* collector current minus the base current* 

b* base current* 

c* col lector current plus the base current* 

d* collector current* 



c* collector current plus the -base current* 



9* We have been .discussing static bias voltages and polarities* Now 
let's look at the transistor in a circuit to s€e where the voltages 
are actually coming from* See Figure 5* ^ 



The voltage applied to the coUector^em! tter circuit comes from the -t'lO 
volt source voltage through R2* The voltage at the base*enii tter Is a 
Ifttt^more involve^!. 

Rl and the base-remitter form a voltage divider* Current f lows from 
ground through QPs base-'en)I tter, ^through Rl to the supply voltage, 
called '*Vcc*', or In this case, +10 volts* The emicter-base has a csrtaln 
amount of fixerd resistance which will develop a voltage drop* This 
voltage Is dependent on th& supply voltage arid the amount of curren** 
Rl allows to flow* Therefr^re, by choosing different values of supply 
voltage and Rl , we car; set different values of static bias voltage on 
the base of Ql* Normally Rl ;s used to set Ql's h^se voltage as one 
supply voltage (a si;pplylng a r'jmber of circuits* 

In the circuit In Figure 6, as Rl*^ resistance Is Increased the emitter-* 
base cyrrerit ( 1 n creases/decreast -'j ) which causes the base static bias 
vol tage to (Inct'gase/decrc3<;e;*" 




KPN Transistor Circuit 



Figure 5 
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INPUT o. 



1 




OUTPUT 



Figure 6 



r 
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10. Without a way to control the current flow through a transistor^ the 
transistor woul d be a useless dp^Ice* However^ we do control current 
flow with the transistor's base. * 



The base of a transistor can be compared to the vaive on a water pipe* 
the base controls electron flow In the col lector-emltter circuit Just 
as^^the valve controls the flow of water tn a pipe. Because of tran- 
sistor construction^ the base requires only a very small voltage, a 
few tenths of a volt on the base^emltter to control collector-emitter 
conduction* An Increase In positive (or decrease In negative) voltage 
on the^ase of an NPN transistor Increases the collector-emltter con* 
ductIon*x^A decrease) tn positive (or Increase In negative) voltage will 
decrease conduction* 



The same Is true of the PNP transistor^ only the voltage polarities ^ 
are reversed* An Increase In nege*:Ive (or decrease In positive) on the 
base of a PNP transistor Increases the col lector^eml tter conduction* A 
decrease In negative (or Increase In positive) voltage will decrease 
conduction. 

In other words, for either transistor type, Increasing the forward 
bias on the base*emltter will Increase collector-emitter conduction* 
A decrease In forward bias on the base^emltter will decrease collector^ 
emitter conduction* 
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Which lead has the most control of electron flow for a three element 
transi stor? 

a. Collector 
bs Emitter 
c* Base 



c^ Ba^e 



IK Take a look at Figure 7» 



The collector Is biased at +10 volts, the base Is static biased at 0*3 
volts, and the emitter Is at ground potential. The sintf wave applied 
to the base has a 0.3' volt peak-to-peak amplitude* 

The sine wave beglnsM'ts positive swing. When the sine wave reaches 
its peak, the potential on the base will be +0.^5 volts. Tlxls new 
bias potential Is termed Dynamic Bias . Dynamic bias Is the bias vol- ^ 
tage on the base of a transistor with a signal applied and will be a 
combination of the static bias voltage and the Input signal* This 
voltage will change with* the Input signal* 

At the peak posltL'e swing of the Input signal the base will be more 
positive with respect to grcund and the emitter, which causes an In- 
crease In transistor conductivity. When transistor conductivity In- 
creases Its ^Itter**col lector resistance decreases causing a decrease 
In the voltage dropped across the transistor* The Increase In con- 
duction will 'ncrease the voltage drop across R2. 



j,+10v 
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What dynamic bias potential will be on the base when the sine wave 
reaches its peak negative variation? 




b. +0.15 VDC 



12. TEST FRAME 

Which statement best describes the action on an ^PN transistor when the 
tnput sine w^ve reaches its peak negative variation? 

a. Conductivity has decreased and voitage across the transistor has 
decreased . 

Conductivity has Increased and voltage across the transistor has 
Increased. ^ 

c. Conductivity has decreased and voltage across the transistor 
has I ncreased . - * 

d. Condi'ctlvlty has increased and voltage across the transistor 
has decreased . . 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER AT 
THE TOP OF THE NEXT PAGE.) 
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c* Voltage across the transistor has increased and conductivity has de- 
creased^ ; 

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 15» 
OTHERWISE, GO BACK TO FRAME 7 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 12 AGAIN, 

13, The conductivity of the HPN transistor increases on the positive 
variation. With this signal in. 



No, it's not magic! It's amplification and inversion* let's take a 
closer look at what's happening to the signal. See Figure 8. 




we will get this signal out. 





OUT 



Figure 8 



At Time 1 the sine wave starts to increase, causing the potential 
on the base to increase , which causes transistor conduction to 
increase , and the voltage across thfi transistor to decrease * 



o4 



p.t. 
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INPUT l' \3 /5 OUTPUT H A 



4 



V/ 



Figure 9 



In Figure 9, at Time 2 the sine wave has reached its peak positive 
variation and transistor conduction is maximum , but voltage acrpss 
the transistor is minimum ^ 

From Time 2 to Time ^ fn Figure 10, the sine wave is going from its 
peak positive variation to its peak negative variation (or from 
+6,^*5 V to +0J5 V). 



2 



INPUT OUTPUT '\ /3 '« 

t 

V 

Figure lO 



4 

/ V 



The transistor will go from maximum conduction to minimum conduction 
(at Time ^) and the voltage across the transistor will go from minimum 
at the positive peak to maximum at the negative peak (Time ^), with the 
waveform Inv Figure II at the output* 

4 

*\ 

\ 
\ 

INPUT / \ OUTPUT 1i k 

1/ \3 ;6 



Figure il 

I80^ phase, reversed will always occur when the output Is taken from the 
collector with th^ input applied to the base regardless of which type of 
transistor is u^ed. 
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At Time 5 the sfne wave has completed Its cycle (Figure 12), 



OUTPUT 





Figure 12 

and the signal at the output has been amplified and Inverted (Figure 13) 

4 




Figure 13 

In Figure I'l, the sine wave Is being Injected on the base of an NPN^ 
transistor. At Time k the transistor's: 



0,45v 



ai5v 



a* Conduction Is maximum* 

b. Conduction Is mlolnium* 

c* Conduction Is Increasing, 

d. Conduction Is decreasing,. 





Figure 1** 



b* Conduction Is minimum* 



The relatively high voltage supplied for the collector is referred to 
as "Vcc"* Vcc Is an abbreviation for collector supply voltage* No matter 
how much the transistor amplifies a signal, the ''p-p'* output cannot exceed 
the value of Vcc* In other words, If Vcc is +10 volts or -10 volts (de- 
pending On the type of transistor) the largest signal you can have at the 
collector Is 10 volts peak-to-peak* The transistor can amplify but it 
cannot create ext*a voltage . 
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TRUE or FALSE 

With an 8V Vcc the maximum output voltage of a transistor amplifier is 
■>6V P-P, 

FALSE; The peak-to-peak output can NOT exceed Vcc. 2! 

15- TEST FRAME 

Which of the foUowing Illustrations is correct? 




(this is a test frame, compare your answer with the correct answer given 
at the top of the next page.) 
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IF YOUR ANSWER HATCHES THE CORRECT ANSWEFi, YOU HAY GO ON TO TEST FRAHE 19 
OTHERWISE, GO BACK TO FRAHE 13 AND TAKE THE PROGRAHHED SEQUENCE BEFORE 
TAKING TE&T FRAHE 15 AGAIN. 

?6* Transistors are rugged devices, but there is one thing that will 
easily destroy them.**heat* For this reason transistorized equfoment 
will usually be located in air conditioned spaces* However, the tran^ 
sistor itself can create conditions that will cause it to overheat. 

A transistor is actually a current control device* A small current 
flow in^the base-emi tter^ ci rcui t controls' a large current flow in the 
collector-emitter circuit* (TJie reason we use bias voltage readings 
Is that voltage Is more convenient to measure than current*) Increas- 
ing base-emitter current wiP Increase collector-emitter current* 
Likewise, a decrease in base-emitter current wilt decrease collector- 
emitter current* This is true for both NPN and PNP transistors* When 
fixed base bias is used^ as shown in Figure 15, the only control over 
static current flow in the base-emitter circuit is junction resistance 
and Rl's resistance* 




Fixel Base Bias Circuit 
"^igure 15 

Rl*s resistance is a fixed value and will not change* However, one 
property of a transistor Is that when it exceeds a certain temperature, 
base-emitter resistance begins to decrease* This allows more current 
to flow'through the base-emitter which would increase conduction in 
the collector-emitter circuit* An increase In current through the 
transistor Increases the amount of heat produced internally* The 
higher heat further reduces the base-emitter resistance increasing 
transistor conduction and again producing more heat* Once started, 
th;s prccccc, cc!!c:i t*he**':!:a! r'jnaway , coritJ'^<»e$ u'^^^l t^e transistor 
destroys itself* 
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There are a few methods of stopping thermal runaway, the most common 
method being a stabtlUing resistor, called an emitter resistor, placed 
between the emitter and ground, as shown in Figure 16* 

+10v 




NPN Transistor Circuit with Emitter Resistor 
Figure 16 

R3 is placed between ground and the emitter. Its resistance will be 
large as compared to the base^emitter resistance* Now if the base^ 
emitter resistance decreases from he^it, there will be practically no 
change in current flow as base-emitter resistance has become only a 
small percentage of the total base-emitter circuit resistance* For 
example, i transistor has a base*emitter resistance of \0Q and an 
emitter resistor of 1000Q* With a base bias voltage of *5 volts the 
base-emitter current will be * 5v 

I010Q 



*'*950ma* 



If base-remitter resistance decrea_ses to 90 from heating up, base- 
emitter current increases to . *5v .^cc 

-lorn — ° -^^^^ 

The Increase in base-emitter current, .OOOSma*, will have no noticeable 
effect on the transistor* 



mc 
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The emitter resistor prevents thermal runaway by 

* 

a* decreasing the base-emltter resistance* 

b* causing the base-emitter resistance to become a large 

percentage of the total base-emltter circuit resistance* 

c* .Increasing the base-emitter ("eststance* 

d* causing the base-emitter resistance to bec^nte only a ^ 

small percentage of the total base-emitter circuit resistance* 



T causing the base-emitter resistance to become only a small 
percentage of the total base-emitter circuit resrsiance* 

17* The emitter resistor helps cure ttteirmal runaway^ but creates a 
problem* Refer to Figure l?*^ 



When a signal Is applied to the transistor's base an tn-phase version 
of the Input signal Is' developed 3crOss'R3r the emitter resistor* This 
signal causes Ql's emitter voltage to vary tn-phase with the Input signal* 
Since a transistor must have a difference In potential between base and 
emitter to change Its collector-emitter conduction and the emitter voltage 
Is now varying by almost the same amount and In-phase with the Input 
signal, the potential difference Is reduced* Jhls causes degeneration 
{a reduction In amplification)* This Is an undesirable effect, but Is 
curable* Take a look at Figure 18* 




OUT 



Degenerating Signal on Emitter Resistor 



Figure \j 
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OUT 



NPN Traiisistor Circuit with Emitter Resistor and Emitter By-Pass Capacitor 

Figure 18 

A capacitor has been added to the circuit. It is coiDmonly called 
an emitter bypass capacitor . While it has no effect on static bias 
conditions, it shunts (or by-passes) to ground the signal variations 
that would have been developed across the emitter resistor and prevents 
degeneration. 

The emitter by-pass capacitor's function to . 



Shunt signal variations around the emitter resistor to ground to prevent 
degeneration while allowing the emitter resistor to prevent thermal runa- 
way* (Or words to that effect) 



>5 Gi 
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18, There is one other cause of thermal runaway that does not always 
occur as it is dependent on circuit design. In some circuits It is 
possible for the transistor's base to build up a charge. This charge 
is positive it) an NPN transistor and negative in a PNP transistor, 
in either case (NPN or PNP) forward bias is increased by this charge. 
When forward bias increases, transistor conduction increases. Heat 
is produced by the increased conduction which Increases the charge on 
the base, increasing forward bias even more. This cycle continues 
until the transistor is destroyed by heat. Thermal runaway has again 
occured. To bleed off this charge as it forms, a resistor is placed 
between the transistor's base and ground, as is shown in Figure 19. 




Figure 19 

R3 will bleed off the excess charge with very little effect on the stati 
base bias voltage* again stabilizing the transistor, 

A resistor placed between a transistor's base and ground (can/can not) 
help prevent thermal runaway* 



can 
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19. TEST FRAME 



Referring Figure 20, match the function In column B to Its component 
In column A. (Choices from column B may be used more than once*} 



Column A 



Column B 



1. R3 

2. CI 

3. R't 



a * preven t s the rma 1 runaway 
b, prevents degeneration 



a. Kb; 2* a; 3* b 

b* 1 * a; 2 * b; 3* b 

c. I . b; 2. a; 3* a 

d« Ka;2*b;3*a 




Figure 20 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER 
AT THE TOP OF THE NEXT PAGE.) 
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d. 1 . at 2. b; 3. a 



IF YOUR ANSWER MATCHES THE CORRECT ANiiWER YOU HAVE COMPLETED THE 
PROGRAMMED INSTRUCTION FOR LESSON II MODULE TWENTY rNE. OTHERWISE, 
GO BACK TO FRAME I6 AND TAKE THE PROGRAMHEO SEQUENCE BEFORE TAKING 
TEST FRAME 19 AGAIN. 

AT THIS POINT, YOU HAY TAKE THE LkSSON PROGRESS CHECK. IF* YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK (lUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CKSCK CORRECTLY. 



3^ 
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NARRATIVE 
LESSON II 



Transistor Biasing 



You know that there are two types of transistors (NPN and PNP) and that 
both types can amplify signals* However, Just as a car will not function 
properly unless a ceirtain set of conditions Is met, a transistor will not 
function properly unless Its set of conditions Is met* The majority of 
the transistor's operating conditions come under the heading of StatI c 
Bias* 

Static bias Is defined as the DC potentials at the collector and base 
with respect to the emitter necessary to ^^tabllsh a transistor's con- 
duction ^evel* 

You must remember to think of the transistor's emitter as a reference 
point* In an HPN transistor biased for conduction, the base will be 
more positive than the emitter, and the collector will be more positive 
than the base and emitter* This is shown In Figure I* 



The transistor shown In Figure 1 has these voltage requirements; the 
collector Is 8*1 volts more posiclve than the emitter, the base Is .6 
volts more positive than the emitter* As you can see from Figure I, 
many different voltages and polarities can meet this transistor's vol- 
tage requirements* 

The direction of current flow In a PNP transistor is the reverse of the 
NPN*s current flow* Thus, In the PNP transistor, biased for conduction, 
the base will be more negative than the emitter, and the collector will 
be more negative than the base and emitter, as shown Ifi Figure 2* 




Figure I 




Figure 2 
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In rigure 2, again using the emitter as a reference point, the transls* 
tor's voltage requirements are; the base Is *6 volts more negative than 
the entltter, the collector Is 8.1 volts more negative than the etnltter. 
Again, these voltage requi reinents were met with a number of different 
voltages and polarities* 

Which of the following transistors have the correct static bias poten- 
tials Gppl led for conduction? (There may be more than one correct choice,) 





(Hi 
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The voltage* present on each of the transistor's leads ai'e usually meas- 
ured and shown on a schematic using ground as a reference. However, the 
actual static bias voltage that establishes the transistor's conduction 
level Is the voltage on the base and collector with the emitter used as a 
reference^ These voltages appear across pairs of a transistor's eleinents, 
base^emitter being one pair and col lector^emi tter being the other pair. 
The collector-emitter static bias voltage (Vce) and base^emitter static 
bias voltage (Vbe) are found by subtracting the emitter voltage from 
the collector voltage for Vce, or the base voltage for^ Vbe, See Figure 3* 



Vcollector = -13V 
Vbase = -5,5V 
Vemitter ^ -h,3V 



-5,5v 




*l3v 



-4,9v 



Base-Emitter static bias voltage (Vbe) = Vbase - Vemitter 

^ -5,5V - i-^.SM) 

=: -,6V 

Collector-Emitter static bias voltage (Vce) = Vcollector - Vemitter 

= -13V - (-^.SM) 
- '13V + i»,9V 
^ -8JV 

Figuring Vbe and Vce ror PNP Transistors 
Figure 3 

Regardless of the type of transistor (HPH or PHP), the correct polarities 
and voltages of the static bias are obtained by subtracting the emitter 
vo 1 ta^e f rom, the base or co Hector vol tage. 
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Referring to Figure 'l, the static bias voltages are: Base-Emitter 
(Vbe) « , Co' iector-EmI tter (Vce) = 




Figure 



+,7V. +5.2V Qn that order.) 

Current flow In both the PHP and HPN transistors Is against the arroWs 
as shown In Figure 5, 




PNP NPN 
Transistor Current Flow 
Figure 5 

Notice that In both cases the emitter current is the combination of the 
base and collector currents. The majority of the current flow will be 
In the emitter-collector circuit with a small current flow In the base- 
emitter circuit. Because of transistor construction there will be no 
current flow between che base and collector. 
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By now you may be wondering where the transistor's operating voltages 
are coming from, Tate a look at Figure 6, 



The voltage applied to collector-emitter comes from the +10 volt supply 
through R2* The voltage on ^ase-eml tter Is a little more involved* 

Rl and base'^eml tier form a voltage divider* Current flows from ground 
through Ql's base-emitter, throujh Rl to the supply voltage, called "Vcc", 
which In this case Is +10 volts* The base-emitter has a certain fixed 
resistance which develops a voltage drop* The amount of voltage dropped 
will be dependent on the supply voltage and the amount of current Rl 
allows to flow* The supply voltage Is not normally varied to change the 
static bias voltage on the transistor's base as It Is usually a fixed 
value* However, by choosing different values of Rl we can easily set 
different values of static s voltage on the base of Ql, 

Referring to Figure 7, as RTs resistance Is decreased the base-emitter 
current ( Increases/ decreases) which ( Increases/decreases ) the base static 
bias vol tage* 




NPN Transistor Circuit 



Figure 6 



o- 




Flgure 7 
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increases ^ increases 

The base-emitter static bias voltage (Vbe) is an important para* ^ 
meter. Th:s is because the transistor's base is its control lead. The 
base can be compared to the valve on a water pipe. The vatve controls 
the flc,> of water through the pipe. The base controls the flow of elec- 
trons through tKa collector-emitter circuit. The amount of collector- 
emitter current the base allows to flow is determined by the voltaga on 
the base with respect to the emitter. Because of transistor construct ion» 
the base requires only a very small voltage^ a few tenths of a volt on 
base-emitter to control coHector-emi tter conduction. 

Let's look at an NPN transistor which is biased for conduction and inject 
a sine wave at the base. See Figure 8. i 



The sine wave Injected at the base of the transistor will cause the tran- 
sistor's conductivity to increase and decrease. The transistor's conduc- 
tivity will increase during the positive excursion of the sino wave and 
decrease during the negative excursion. 

Take a look at Figure 8. The collector supply is +10 volts DC. The 
base is +0,& volts DC and the emitter is at ground (reference). 

A 1,2 volt peak-to-peak sine wave is being applied to the base. When 
the sine wave reaches its maximum positive swing the potential on the 
base will be +1 .2 volts OC as shown in the following illustration. 
This new base bias potential is Dynamic Bias. Dynamic bias is the bis^ 
voltage on the base of a transistor with a signal applied and is a com- 
bination of the input signal and the static bias voitage. This voltage 
will cf^ange with the input signal. 




OOUT 



NPN Transistor Circuit with Inout Signal 



Figure 8 



7(1 

6it 



iwenty One-I I 



Transistor conductivity is maximum but the voltage across the tran- 
sistor, collector to emitter, Is minimum (the load resistor R2 will drop 
most of the voltage). On the oscilloscope you will see this input at 
the base 

+0»6v 



and thjs output at the collector. 




Magic? No! The oscli xope shows only voltage and since the voltage 
across the trtf^nristof is decreasing you' 1 1 see a negative^going^ amp- 
1 if Fed (larger) output at the coi lector. 

On the negative swing of the Input c-ine wave the opposite occurs. At ^ 
the peak of the negative sving, the input voltage goes down to 0.0 volts 
which causes the conductivity of the transistor to decrease and the volt-^ 
age across the transistor to inct^ease. Ag^in, we only see voltage on 
an oscilloscope so the negative ^or le^:i positive) variation will cause 
an amplified, positive-going output at the collector. 

This 180" phase reversal wU 1 always occur wher< the output Is taken 
from the collector wUh the input applied to the ba^ j regardless of 
whether the transistor Is JfPN or PNP. 
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You know that transistors are current amplifying devices. You also 
know the conditions necessary to properly bias the transistor* The 
relatively htgh voltage supplied for the collector is referred to as 
Vcc (collector supply voltage)* No matter how much the transistor 
amplifies a signal, the peak^to-peak output cannot exceed the value 
of Vcc* In other words, If Vcc Is +10 volts or -10 volts, depending 
on the type of trensUtor used, the largest signa] you can have at the 
collector Is 10 volts peak-to-peak* The transistor can amplify, but 
It cannot create extra voltage* See Figure 9* 




NPN Transistor Circuit vjlth Input and Outogt Signals 

Figure 9 

Which one of the following illustrations is correct? 




ooor 



OOUT 
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Transistors are rugged, but there is one thing that can easily destroy 
them^ . , heat. Transistorized equipment will usually be located in an 
air conditioned space which will help minimize heat'-related problems. 
However, the transistor itself can create conditions that will cause it 
to overheat. 

Although we use voltage readings for bias measurement (voltage being mjch 
easier to measure than current) it is current that controls the transistor's 
conduction. A small current flow through base-emitter controls a large 
current flow in the collector-emitter circuit. Increasing base'-emitter 
current increases collector-emitter current. Decreasing base-emitter 
current decreases collector-emitter current. This is true for both NPN 
and PNP transistors. With the type ofcircuit we have been discussing, 
called a fixed bias amplifier, see Figure lO, the only control over static 
current flow *n the base^emitter circuit is the base^emitter resistance 
and RI 's resistance. 



INPUT 0^ 




mm 



Figure 10 

Rl's resistance is fixed, but ftl's base-emitter resistance will begin to 
decrease when the base'-emitter exceeds a certain temperature limit. This 
allows more current to flow through the base'^emr tter, Increasing collec- 
tor-emitter cur.ent flow. The increase in collector-emitter current pro- 
duces more internal heating of *'he transistor. The increase In heat in- 
creases jconduction which produces even more heat. Once started, this 
process, called thermal runaway , continues until the transistor aestroys 
itself. 
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One common method of stabilizing the transistor against therm?! runaway 

is by placing a resistor, called an emi U er resistor, between a transistor*s 

emitter and ground, as shown in Figure II* 




NP(c Transistor Circuit with Emitter Resistor 
Figure 1 1 

R3, the emitter resistor, has a large resistance as compared to the base- 
emitter resistance. Mow, the base-emitter resistance is only a small 
percentage of the total base-emitter circuit resistance. If the base- 
emitter resistance decreases from heat there will be practically no change 
in junction current flow and thermal runaway will not occur. For example, 
a transistor has a base-emitter resistance of 10 U and an emitter resictor 
of lOOOfi, With a base bias voltage of *5V the base-emitter current will he 

'5 volts ^ .ocn ma 
lOlOa '^^^^ 

If base-emitter resistance decreases to 9^ from heating up, base-emitter 
current increases to 

1009^ '^^DD ma. 

The increase :n base-emitcer current, .0005 ma,, will have no . otfceable 
effect on transistor conduction, and the transistor is stabilized 
against thermal runaway. 
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The emitter resistor helps cure thermal runawdy, but causes another 
probhm* Refer to Figure 12. 




Degenerating Signal Developed by Emitter Resistor 

Figure 12 
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When a signal is applied to QPs base an in-phase version of the input 
signal is developed across R3> the emitter resistor. This signal cau5;=s 
Ql's emitter voltage to vary tn-phase with the input signal, since a 
transistor must have a difference in potential between base and emitter 
to change its cot lector-emi tter conduction and the emitter voltage is 
now varying by almost the same amount and in-phase wfth the input signal ^ 
the potential difference is reduced. This causes degeneration ( a re" 
duction in amplification). This effect is undesirable, but curable. 
Take a look at Figure 13^ 




NPN Transistor Circuit with Emitter Resistor and Emitter By-Pass Capacitor 

Figure 13 

A capacitor, commonly called an emitter by-pass capacitor , has been 
added. While it has no effect on static bias conditions, it shunts 
(by-passes) any signals developed across the emitter resistor to ground 
thereby preventing degeneration. 

We have discussed one cause of thermal runaway end how it is cured. 
There Is one other cause of thermal runaw<*v which does not always occur 
as it depends on circuit design and usage. 
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In some circuits tt is possible for the transistor's base to buitd up a 
charge, positive for NPN and negative for PNP. In either case (nPN or 
PNP) tltis charge increases Che transistor's forward bias. When forward 
bias increases, transistor conduction increases. This increased conduc- 
tion produces heat^^hich increases the charge even more. This cycle 
continues and we ag?in have thermal runaway. To bleed off this charge 
as it forms, a resistor is placed between the transistor's base ^nd 
ground. See Figure I'*, 




Figure 



R3 will bleed off the charge that forms on the base of Ql with very 
little effect on the base bias vottage, stabilizing the transistor. 
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Referring to Figure 15, R3 and prevent and Cl prevents 




Figure 15 

r. 



thermal runaway, degeneration (in that order) 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE MEXT LESSOM. 
IF YOU INCORRECTLY ANSWER ^NLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF VOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTROCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UMTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON HI 



Sasic Transistor Amplifier Functional Analysis 



In this lesson you will team. how various components, when assembled 
together, form an amplifier circuit and what the function of this 
amplifier is. The amplifier will be broken down into three stages: 
input; conversion; and output. Each stage will be discussed in terms 
of its function- 

The learning objectives of this lesson are as follows; 
TERMINAL 08JECTIVE(S): 

2K3-'*2 When the st;jdent completes this course, he will be able to 
TR0U8LESH00T an audio amplifier training device, given the 
required test equipment, schematic diagram, and a prefaulted 
audio amplifier. Faults to be limited to open or shorted 
components; no more than one fault per problem. Remove/ 
replace a similar component on a practice card. 100% 
accuracy is required, 

ENABLING 08JECT1 VE(S) ; 

When the student completes this lesson, he wilKbe able to; 

21-3-'*2,2 IDENTIFY and locate the input section components on the basic 
audio amplifier training device, given a training device, tech- 
nical manual or schematic diagram, and the required equipment. 

2K3.'*2*'* DFFINE the function of an amplifier by choosing the correct 
statement from a list of four choices* 100? accuracy is 
required, 

2K3-'*2,'*,1 define the functions of each section (input, conversion, and 
output) of an audio f requency .ampl i f ier by selectfng all of 
^he correct statements for each from a list Mcluding (1) 
blocking D- C, (2) amplification, and (3) coupling- 100% 
accuracy is required, 

2K3,'*2,5 DESCRIBE the major differences between R-C and transformer 
coupling by selecting the correct statement when given four 
statements comparing R-C and transformer coupling- Only one 
statement is completely correct, 100? accuracy is required, 

2K3-'»2.6 DETERMINE, using the gain formula, the current gain ratio of 
an amplifier, given an amplifier's input and output current 
value* 100^ accuracy is required. 
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OVERVIEW 



21. 3.^*2. 7 LOCATE, physically and schematically, the output section and 
test polnt(s) of an audio amplifier and MEASURE the output 
signal voltage given an audio amplifier circuit or printed 
circuit board, a technical manual or "schematic diagram, and 
a multimeter or oscilloscope. Locate appl i cable test point: 
with 100$ accuracy and measure the output signal voltage 
within + 10^. 

21.3,42.8 LOCATE, physical ly. and schematically, the conversion and test 
pointis) of a basic audio ampJifier and "MEASURE th^ output 
signal volt^age given an audio amplifier circuit or printed 
circuit board, a technical manual or schematic diagram, and 
a multimeter or oscilloscope. Locate all test points with 
\00% accuracy and measure the output signal voltage within 
+ 10^. 

2\.Z.^2.3 LOCATE a faulty conversion section component in a basic audio 
amplifier, given a technical manual (or sch matic), a circuit 
Or circuit board containing at least one amplifier stage, 
a multimeter, signal generator, and an oscilloscope. 100^ 
accuracy ( s requ i red. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON 111 

Basic Transis t or Amplifier Functional Analysis 

To learn the material In this lesson, you have the option of choosing, 
accordln*) to your experience and preferences, any or all of the follow^ 
ipg Study resources: 

Written Lesson prescntat'on in: 

Module Booklet: 

Summary 
Narrati ve 

Student's Guider 

' Job Program Twenty One-IM "Basic Transi'^tor Amplifier Analysis' 
y Progress Checic 

Enrichment Mater:aUs): 

Electronics Installation and Maintenance Boole, Electronic Circuits, 

NAVSHtPS 0967-000-0120, section 5 

Basic Electronics, VoK 1, NAVPERS 1 0087-C 



VOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUQING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED TO 
ACHIEVE LESSON OBJECTIVES, THE PROGRESS CHECK MAY BE TAKEN AT ANY TthE- 
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SUMMARY 
LESSON IN 

Basic Transistor Amplifier Functional Analysis 



In transistorized equipment you will come across amplifiers. The function 
of an amplifier is to amplify a signal; that is, make it larger* Each ampi 
fier stage will have a certain amount of gain* The stage will provide a 
specific amount of amplification for any input signal within the ampli- 
fiers limits* Gain is the ratio of the amplitude of the output signal 
to the amplitude of the Input signal* 

Affipltfters can ba bro-^^n down Into three sections* Input, output, and 
conversion* The Input and output sections have the same function* They 
couple the signal to and from the amplifier stage and a!so block DC from 
the previous or following stage* Remember, capacitors and transformers 
can couple AC while blocking DC* fhe conversion section Is the heart of 
the amplifier stage* In the single-ended type amplifier (one input and 
one output), the conversion section Is the transistor, A small signal 
applied to the base of the transistor controls a larger current through 
the transistor* / 

The symbol we use to represent an ampllfer Is a triangle, os shown in 
Figure 1 - ^ 




COMMON AMPLlFlcR SYMBOL 
Figure I 

Single-Tended amplifiers connected in series are called cascade coupled. 
That is, the output from one amplifier is connected to the input of the 
next amplifier, and so on, until the desired signal strength is obtained 
to drive the final ^taije* 




CASCADED AMPLIFIERS 
Figure 2 
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There t two comtnon types of (.oupUng: Res ist ive-Capaci ti ve (RC) and 
transformer. RC is the most common of the two types. The reason is 
that RC coupling uses smaller components that cost less and have a wider 
frequency response. RC couping is used for voltage amplifiers with low 
power output. Transformer coupling is used extensively in high power 
cascade coupling. Transformer coupling is accomplished through mutual 
induction between primary and secondary windings 

AT THIS POMT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROC£E0 TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WliL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSOH YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, DR MOST, OF THE LESSON, SELECT A^!D USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDID/VISUAL MATERIALS (IF APPLICABLE), 
DR CDNSULTATION WITH LEARNING SUPERVISOR, UNTIL 70U CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON III 

Ba5ic Transistor Amplifier Functional Analysis 

Thic lesson deals with ampl if ication» the funct ion of an ampl if ier in an 
electronic circuit* Amplification is the process of making a signal larger. 
In transistorized amplifterSt a small signal controls a relatively largb 
current through the transistor (see Figure I). 




Figure 1 

In your own words describe the action of an amplifier. 



A sr^^l 1 signal controls a large current through the trans i stor* (or 
words to that effect) 

All amplifiers have gain (the number of times the transistor will increase 
the input signal)* Most amplifiers are designed for either voltage or 
current gain according to circuit requirements. For example, if the curr- 
ent gain of a transistor is 50, and the input signal has a change of 100 
microamps (ua), the output would have a change of 5000 ua or 3 mllliamps 
(ma). The 9S;n Is the ratio of output to input signals. 

Current Gain = iSHl = SOOOHa ^ 5 
Itn lOOua 
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Most power anpllflers are current gain amplifiers. The voltage at the 
Output IS low» but the Current is large. 

Amplifiers can be broken down into three sections. Input, output, and 
conversion sections, as shown In Figure 2, 



INPUT OF Q1 




OUTPUT OF 01 




He- 



R2^ 



INPUT OF Q1 




CONVERSION 




BUTPUT OF 01 



Figure 2 
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The input section ^no the ^{Jtput section are functionally similar. The 
input section couples the^ signal froii the preceding stage to the conver* 
sion section of the amplifier, tt also prevents, or blo^^Ks, DC from the 
previous stage from affecting this amplifip". The output section couples 
the amplifier signal from the conversion section to the following statue. 
It also blocks DC^etween the amplifier and the following stage. 

Hatch the proper functron{s) to the section. (Some answers m*ay require 
more than one letter.) 

1 . Input a. Ampl i f ication 

2. Conv^rison b. Blocks DC between stages 

3. Output c- Couples s ignal 



1. b, c\^ 2. a; 3^ b, c 



\here areXtwo methods of coupling comn^only used in amplifiers. One is re- 
sis t i ve-capac i t ive (RC)» and the other is transformer. 

RC coupling is the most common of the two types (see Figure 3)- The advan- 
tages of RC coupling are small size of the components, low cost^ and a 
wider frequency response. RC coupling Is used for voltage amplifieis 
which have a low power output. 




RC COUPLING 
Figure 3 

Transformer coupling provides additional gain and greater power transfer 
capability between stages than RC coupling. It has a smaller frequeticy 
response r^nge than the RC network. Transforrrter coupling iz accomplished 
through mutual induction between primary and secondary windings of inter- 
stage transformers {see Firure ^) * 



81 57 



Narrat ive 



Twenty One" I 




a, RC; b* Transic^mer 
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In nature* a cascade is a long stream of water flowing down ^ hitU 
pausing every sr often at a ledge or poc\ 'before flowing to another 
stage of its journey. 

It was probably the idea of^the flow through the stages of amplification 
that brought the term of '*cascaded amplifiers,^' 



Cascaded amplifiers are arranged so that the output of one stage is fed 
Into the input of the next stage of amplification (Figure 5)* This 
allows us to get much more gain than we can get from a single stage. 




CASCADED AMPLIFIERS 
Figure 5 

What happened to the block diagram we used to use? Why a triangle! This 
is a cofnmon block symbol used to represent an amplifier^ for it indicates 
the direction of signal flow* as shown in Figure 6, 




COMMON AMPLIFIER SYMBOL 
Figure 6 

To couple different stages of cascaded amplifiers* the output impedance 
of one stage must be matched with the input impedance of the rext; other* 
wisf^, there wi 1 1 be a def ini te loss of gain. A transistor ampl i f ler 
stage can have an input impedar. e of 1000 ohms and an output impedance 
of-10»000 to 20»000 ohms. To match this hign output impedance to the 
lower input impedance of the next stage* a matched coupHnt^ device muse 
be used so that the conversion stage gain will not be lost. Normally^ 
a transformer will be used for this purpose, 

Th^ conversion section is the heart of the amplifier, Tlie simplest type 

amplifier "s the single-ended uype; that is» an amplifier with 3ne 
input and one output. In a single-enceo transistor amplifier* th^^ conver- 
sion section is the transistor, A ^inall signal applied to the base of 
the transistor controls a larger cjrrent through the transistor, ."his 



"is the principle of amplificatio 
sect ion. 



and the function of the conversion 
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(1) Select the statement that best describes the function of the conversion 
section. 

a. Removes the DC from the stage. 

b. Increases the strength of the input signal. 

c. Supplies DC to the output section. 

d. Suppresses noise, 

(2J Which statement best describes the principle of amplification in a tran- 
sistor ampi i f ier? 

a. A srtK^ll Signal controls a large current flow. 

b, A sm? 1 1 signal increases the DC output of a transistor amplifier, 
c- A large sional controls a small current flow tc produce a large 
vo) tage oi'tput* 

d. The input DC level controls a large current. 



( 1 ) b , Increases the strength cf the input stgnaK 

(2) a. A small signal contro ls c \ large current flow. 

AT THI? POINT, YOU MA/ TAKE THE UrSSON PROGRESS CHECK. IF YCU 
ANSWER ALL SELF-TEST ITEHS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU IKCORRECTIV ANSWER ONLY A KEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFEf\ YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LES'.ON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, d;^ THE LESSO,., SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VlSUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITtHS ON THE ";^OGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON IV 



Basic Transistor Amp) if i ir Configurations 



In this lesson you will learn to distinguish between the three basic 
transistor amptifzer configurations as shown in schematic representations. 
You will also study the functional characteristics of eoch configuration. 

The learning objectives of this lesson are as folldws: 

TERMINAL OBJECTIVE (S) : 

21.^.^2 When the student completes this course he will be able to 



TROUSLESHOOT an aud^o amplifier training device, given the 
required test equipment, schematic diagram, ard a prefaulted 
audio amplifier. Faults to be limited to open or shorted 
components; no more than one fault per problem. Re:iiove/ 
replace 3 similar component on a practice C3rd. 100% 
accuracy is requ! red. 



ENABLING OBJECTIVE(S) : 

When the stuilent completes this lesson* h^i will b^i able to: 
2K'*.'*2.I'* IDENTIFY the schematic symbol, phase shift, and current gain 



of the common base, common collector ;)nd common emitter 
transistor Configurations, given scheinatics of these config* 
urations and a list of statements only one of which is correct* 
100^ accuracy is reciu!red. 



2K'*,'*2. I'*, I OBSERVE the operation of the following trans'stor amplifiers. 



common emitter, common collector, and common base with regard 
to gain characteristics, gain, and phase irverslon given a 
training device, an oscilloscope, and a signal generator, 
100% accuracy is required. 



BEFORE YOU START ^HIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON IV 

BasU T a«\5iStor Amplifier Configurations 



To learn the material in this lesson you have *:he option of choosing, 
according to your experience and preferences, any or all of the. follow- 
ing study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summa ry 
^rratiye 

Student's Guide: 

Job Program Twenty One-tV "Transistor Aniplifier Circuits** 
Progress Check 

Enrichment Material(s): 

S 

Electronics Installation and Maintenance book, ^ectronic Circuits, 

NAVSHIPS 0967-000-0120, section 5 

Basic Electronics, VoK I, NAVPERS I0087-C 



ERIC 



YOU HAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED TO 
ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK HAY BE TAKEN AT AiIY TIME. 
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SUhhAKY 
LbSSO IV 

Basic Tra n sistor Ajnplifiec Configurations 

AmpliTiers, of one kind or another, will be encountered in practically 
every piece of electronic equipment aboard snip* , The three basic tran- 
sistor amplifiers can be built by using U?H or PNP transistors. 

Figure 1 is a "Common Base'' (CB) Ampli^'ier, 




COHMON BASE AMPLIFIER 
Figure t 

The INPUT to the emitter and OUTPUT from the collector leaves the base as 
the common element. A high voltage gain and tow current gain make the CB 
amplifier an ideal current control device. 
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fJgure\2 is a "Common Collector" (CC) amplifif^r. 




COMMON COLLECTOR AHPLiFiEf^ 
Figure 2" 

The collector is the "common" element here since the input is to the base, 
and the output Is f.rom the emitter. High input resistance and low output 
resistance are the most important characteristics of this configuration 
since CC amplifiers are used extensively as Impedance fnatching devices. 
The gain is slightly less than a \i\ ratio. 

The schematic in Figure 3 is of a typical "Common Emitter" (CE) config- 
uration . ' ' 




So 



S umma ry 
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By observing the input and output sides of this amplifier, you can se-- 
that the emitter is the common element. Of the three tYpes of transis- 
tor amplifiers discussed here, the CE configuration (with etcher the PNP 
or NPN transistor) is bY far the most commonlY used in electrontct, A 
medium voltage and current gain provides good amplification and little 
distortion. The CE amplifier Is the onj_Y one of the .hrce thet provides 
a 180" phase shift between the input and output. This condition will 
exist in al i C£amplifiers whether an NPN or PNP transisto*" is used. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL IHAT YOU HAVt 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF JNSTRUCTION, AUDI O/V ISUAL. MATERIALS {IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY, 
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NARRATIVE 
LESSON IV 

Basic Transistor Amplifier Co r . 'igurations 

With the advent of transistors^ miniaturization of electronic circuits 
became practical. One of the first circuits ever miniaturized by using 
transistors was a simple amplifier. Pocket sized radios became a reatity 
and since then» Industry^ as well as the military^ has created a boom !n 
the field of miniaturized circiiitry. 

This tesson deals with anplifiers in their simplest configurations. 
The transisU'^rs used in the amplifiers we are about to look at are 
the three element type (NPN/PNP) as previously discussed. 

"CofTwnon Emitter" Amplifier (cE) 

Up to this point we have been using common emitter (CE) amplifiers for 
explanation purposes. When we say common emitter we don't mean it is 
the most common amplifier; the common emitter amplifier (with either the 
PNP or NPN transistor) the most commonly used circuit, but comrron 
emitter amplifier means the emitter is cominon to both the input and out- 
put. Take a look at the sch&^atic in Figure 1. 




COMMON EMITTER (CE) 
Figure 1 

So we can say that the lead that if; neither an input nor an output ts 
the common tead. 
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We know from Lesson !1 that we have phase inversion between the base and 
collector of a common emitter anplifier. This is one characteristic of 
the common emitter amplifier* See Figure 2. 




PHASE INVERSION IN COMMON EMITTER AMPLIFIER 
Figure 2 

Let's quickly review common emitter amplifier operation here, AL TO (in 
Figure 1) the circuit is in a static condition; that is^ there are no 
signals present, only OC bias voltages* The base (input) measures '0*3V 
and the collector (output) has ~\CJ OC on it* At time Tl a sine wave is 
applied to the base, and between times Tl and T2 the input voltage in- 
creases (in a negativi; direction) from -0*3V to '0.6\t^ This increasing 
base voltage causes the transistor to conduct more heavily, and that, 
in turn^ increases the voltage dropped across R2. At time T2 the collec- 
tor voltage has been reduced fo -IV as shown by the output waveform. The 
signal Inversion, then^ occurs because the voltage across R2 mL.st be 
subtracted from Vcc to obtain the collector voltage. 

From 12 to T^ the voltage at Ql * s base decreases (foreward bias in de- 
creasing), conduction decreases^ the IR drop across R2 decreases, and 
the output voltage rises to -19V at T^* Then frcm T^ to Tg tne circuit 
returns to its starting condition. 

As you may have figured out by now, we also have conmon base (cB) ampli- 
fiers and common collector (CC) amplifiers* 
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'^Common Collector" Amplifier (CC) 

Let*s take the common collector amplifiers next. Take a look ^t Figure 3. 



INPUT o 




/ 

COMHOK COLLECTOR AMPLIFIER 
Figure 3 

Rl and R2 make up a vcltcige divider to produce bias for Ql's base, R3 
is a load reiiistor. CI is called a decoupling capacitor and its job is 
to keep the AC signals being amplified from appearing on the +Vcc supply 
vo! tage. 
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In a common collector amplifier, if we put an increasing positive signa 
in on the base of an NPN transistor we will increase conduction (reduce 
the resistance) of the transistor (Figure '0, so more voltage will be 
dropped across the series resistor* 





COMMON COLLECTOR AMPLIFIER WITH INPUT AND OUTPUT SIGNALS 

Figure h 

Since the output voltage Is taken across this resistor, the output goes 
more pos it i ve* 

The input goes positive and the output goes positive* 

As we can see, we dcn*t have phase inversion in a common collector ampli- 
fier. The output at the emitter is always in phase with the input at the 
base. 

The CC amplifier is primarily used as an impedance matching device due 
to its high input resistance and low output resistance. For example, 
this type of amplifier may be used to drive a speaker directly (no trans- 
former). The common collector gives us a' low vol tage gain (less than 1:1 
ratio) and a high current gain. Figure 5 is a typical representation 
of a CC amplifier input and output relationship. 
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'Common Base" Amplifier (CB) 

How to convTkon base amplifiers* Look at a basic common base af}i|:tl i f i er 
(Figure 6). Notice that the input is applied to the emitter and the 
output is taken from the collector* In order to establish the proper 
bias for the transistor, this example uses a voltage divider {R3 and 
R'*) to hold the base negative wtth respect to the emi+.ter, Ct keeps 
any AC signals being amplified from affecting the base bias by shunting 
them to ground, thereby Insuring the base has a non-'Changlng negative 
vol tage on it. 




COMMON BASE AMPLIFIER 
Figure 6 
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Resistor R2, the transistor, and R' form a voltage divider between ground 
and Vcc i gure 7) • 



A negative going signal applied to the emitter of the PNP transistor 
will oppose forward emitter-base bias causing the resistance of the 
transistor to increase. With increased resistance in Qf, R2 will have 
a Smaller voltage drop artd the output will go more negative. 

When the input becomes less negative it aids the forward bias of the tran- 
sistor, and Ql's resistance decreases. More voltage is dropped across R2, 
so the output becomes less negative. The output is in phase with the 
Input, 

This amplifier can easily be used as <^ power supply current regulator 
device since the action of the transistor will oppose any voltage change 
fel t on the eml tter, 

A block diagram of the common base amplifier input and output Is shown 
in Figure 8, 



V 




COMMON B^.SE AMPCIFItk EQUIVALENT CIRCUIT 
Figure 7 




Figure 8 
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The following chart is provided as an easy reference for CEj CC » and CB 
configurations- 



AMPLIFIER 
TYPE^ 


COMMON 
8ASE 


COMMON 
EMITTER 


COMMON 
COLLECTOR 


(nput/Output 
Rcl at ionsh i p 


0^ 




0^ 


Vol tage Gain 


High 


Medi urn 


Low 


Current Gain 


Low 


Med i urn 


High 


Power Gain 


Med i urn 


High 


Low 


Input Resistance 


Low 


Med i urn 


High 


Output Resistance 


. High 


Medium 


Low 



Now that you h^ve studied the various amplifier conf iqurations, try match- 
ing the below items, 

1, Provides phase inversion, a, CB 

2, Used as a current control device, b, CE 

3, Used as impedance matchir.9 device, c. CC 
Most commonly used configuration. 



1 . b; a; 3- c; ^- b 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF mi 
ANSWER ALL SELF-TEST ITEMS CORRECTLY. PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRiATH PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN XESTUDY TKE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT VOU HAVE 
FAILEL' TC UNDERSTAND ALL, OR HOST, OF THE LESS^,M, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDtO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNiNG SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY, 
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OVERVIEW 
LESSON V 



Basic Transistor Amplifier Circuit Analysis 

In this lesson you will learn that transistors have two limits (cutoff 
and saturation) that must be considered in conjunction* wi th the oper- 
ating bias to determine the class of operation a certain amplifier is 
designed for. You will also cover three new circuits: push-pull amp- 
lifiers; phase-splitters; and comp lementary-syrnmetry push-pull ampli- 
fiers. 



The Jearning objectives of this lesson are as follows: 
TERMINAL OBJECTIVE (S) : 



2K5.'*2 When the student completes this course, he will be able^to- 

TR0U6LESH00T an audio amplifier training device^ given the 
required test equipment, schematic diagram^ and a pre- 
faulted audio amplifier. Faults to be limited to open or, 
shorted components; , no more than one fault per problem. 
Remove/replace a similar component on a practice card. 
100^ accuracy is required. ^ 

ENABLING CBJECTIVE(S) : 

When the student completes this Iftsson, he will be able to: 

ZKS-'^Z.IO lOENTlFY the conditions under which a push-pul I ampi t f ter may 
be Ujsed sel-pcting the correct ^statement (with regard to power 
output)^from a list of four choices. 100^ accuracy is required* 

21,5.^*2.10.1 lOENTIFY the electrical characteristic of 3 transistor that 
is "cut off" by selecting the most correct statement from a 
choice of four statements. 100^ accuracy is required. 

21,5-'*2. 10.2 lOENTIFY the electrical characteristics of a transistor that 
is "saturated** by selecting the most correct statement from a 
choice of four statements. \ jO% accuracy Is req*jired. 

21*5.^*2.10.3 OEFINE Class A bias fay selecting the correct dsfinktion from 
a list of four choices* 100^ accurarv is Required. 

21.5.^*2.10,'* OEFINE Class B bias by selecting the correct statemei t from 
a list of four choices. 100^ accuracy is required. 

21.5.^*2.10.5 OBSERVE the cut off and sat'jraticn states of 3 transistor by 
measuring the collector and base biasing voltages^ giver an 
oscilloscope, a training device and a job program. 100^ 
accuracy !s required. 
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OVERVIEW 

X 

ZUS^^iZJo/S OBSERVE class A and class B biasing by viewing the output 

of a transisto*" amplifier, given an oscilloscope, s training 
device, and a job program, 100^ accuracy is required- 

21,5,^*2,10,7 IDENTIFY basic push-pull anraplifier configurations by select*- 
ing a schematic of a push-pwll amplifier configuration from 
a choice of four srihematics, 100^ accuracy is- required* 

21,5.^*2,10,8 IDENTIFY the Purpose of a phase splitter circuit or device 
by selecting the correct statement from a list of foyjr* 
choices, 100^ ac<;uracy is required, ^ 

21,5,^*2*10*9 SELfCT those circuits containing a phase splittr^r, given 

four schematic circuit diagrams, 100^ accurs ' 'S rr.quired, 

21,5,'*2.P) DESCRIBE a complementary-symmetry amplifier by selecting the 
correct description from a list of four choices, 100^ 
accuracy is requ i red, 

21 ,5,^*2, H , 1 IDENTIFY those ci rcui ts not containing a phase spl i tter , given 
four schematic circuit diagrams 100^ accuracy is required, 

21-5,^*2,11,2 VERIFY the proper operation of a push-pull amplifier by 
I viewing its operation^ given^an osc i 1 loscop'j, a training 

device, and accessories, 100^ accuracy is required. 



BEFORE YOU START THIS LESSOM, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LfST OF STUDY RESOURCES ON THE NEXT PAGE, 
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LIST OF STUDY RESOURCES 
LESSON V 

Basic Transistor Amplifier Circuit Analyses 

To learn the materia) in this Jebson, you have the option of choosing, 
according to your experience and ^references, any or all of the foUowing 
study resources: 



Written Les'"^'^ oresentdtion in: 



^toduK ^ 



Summary 

PrografTwied Instruct Ion 
Narrative 



Student *s Guide: " 

Audio/Visual Response Sheet Twenty One-V 

Job Program Twenty One-V-| **Transistor Amplifier Analysis" 
Job Program Twenty One-V-2 "Transistor Amplifier Analysis" 
Progress Cneck 

Additional MateriaUs): 

Audio/Visual Twenty One-V 
Character istics" 



"Basis Transistor Amplifiei' Operational 

V 
) 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 

SUPERVISOR: HOWEVER, k' I MATERIALS STED ARE NOT NECESSARILY REQUIRED 

TO ACHIEVE LESSON OBJECTUEs. THE '.OGRESS CHECK HAY BE TAKEN AT ANY TIME-. 
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SUMMARY 
LESSON V 

Basic Transistor Amplifier Circuit Analysis 

In this lesson you will learn the two limits (cutoff and saturation) of 
a tranststor, and the operating bias at which a transistor circuit may 
be designed to function (class A or class B) - You will also cover three 
new circuits: push-pull amplifiers, phase-splitters and complementary- 
symmetry push-pull amplifiers. 

Cutoff 

Transistors are bometimes biased so they will not conduct (reverse biased). 

When a transistor is reverse biased, the transi tor is said to be cutoff- 
Since the base voltage will prevent current flow at cutoff, the transis^ 
tor appears open between emitter and Vcc> For this rt^ason you will meas-* 
ure source voltage (Vcc) across a cutoff transistor (See Figure 1)- 

Saturat ion 

Saturation is the limit you reach when you iiicrease forward bias until 
the transistor*s conduction no longer increases. The transistor is then 
conducting as hard as it can (see Figure 1)- 




...CUTOFF UMir <Vcc> 



Figure 1 

A saturated transistor acts almost like a short circuit* Nearly ail of 
the Vcc will appear across the load resistor (R, ) * 
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Relative to cutoff and saturation, there are four W classes of bias, 
but we will discus-: only two of the classes in this lesson. 



Class A 



All the circuits you have studied have been Class A biased. The signal 
at the collector Jocks like the Input signal, but ft Is larger and some^ 
times of opposite phase (Figure 2), In class A bias, the transistor con- 
ducts midway between cutoff and saturation with no signal Input, 



SATURATION 
CUTOFF 




CUSS A AMPLIFIER 
Figure 2 

Class B 



Class B bias sets the base bias at or just below the cutoff voltage of 
the transistor. This prevents the amplifier's conduction until the 
proper Input signal Is applied (see Figure 3)» 



SATURATION 




^ saturS^tioh 



CLASS B BIAS 
Figure 3 

Depending on whether we use NPN or PNP transistors, the circuit will 
amplify th'i positive or negative portions of the Input signal, 

Phase-Spl Itter 

Soine circuits we use require two Input signals 180*' out of phase but 

the same In amplitude. For this purpose we use a phase*spl Itter , See 
Figure j . 



Summary ^ 
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PHASE-SPLiTTtR 
Figure h 

The transistor in a phase-sptltter circuit will be forward (class A) 
biased. The collector resistor and the emitter resistor will be of 
equal value so their voltage drops will be equal. Since the transls^ 
tor circuit causes pha*ie reversal of the Input signal at the collector, 
the two output signals {collector and emitter) will be 180* out of 
phase* 

A center-tapped transformer will also provide a phase-splitter output 
{see Figure 5) • The Center tap effectively allows the secondary ;:o act 
like two separate windings that provide two output signals equal In 
amplitude and IjBO** out of phase. 




TRANSFORMER USED AS PHASE-SPLITTER 
figure 5 
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Pu' h-pul 1 Ampn f ier 

A circuit that commonly uses a phase-splitter as an input is the push- 
pull amplifier (see Figure 6), 




PUSH-PULL AMPLIFIER 
Figure 6 

Push-pul 1 ampl i f i ers prov ide high power ampl i fi cat ion with mi n imum d i s- 
toi^tion. Basically a push-pull amplifier is two (2) common emitter 
circuits back to back. Host push-pull amplifiers are biased class B 
for efficient operation. The first circuit is formed by the top portion 
of Tl, Ql , Rl, and the top portion of Tl. The other half is the bottom 
half of Tl, Q2, R2, and the bottom half of T2. Each half of the out- 
put transformer (T2) acts as a collector load and output coupling device. 
The two signals out of our phase-splitter will cau^e one transistor to 
conduct and the other transistor to be in cutoff (see Figure 7)- As 
the polarity of the signals changes, the transistor that was cut off 
.^i 1 1 start to conduct and the cJther transistor will go into cutoff. There- 
fore, with class 0 bias on a push-^pul 1 amplifier you will have only one 
transistor conduc*"'ng at a time. 



12 3 12 3 




PUSH-PULL AMPLIFIER WITH CURRENT WAVEFORMS 
Figure T 
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The amplified output signal from each transistor will be applied across 
J ts half of the transformer (T2). T2 will combine the two outputs of 
Ql and Q2 and provide one output from its secondary, as shown rn Figure 
8. 



J 

I 

J 
J 
I 

I 
1 

2 



J 1 



1 2 3 



Figure 8 



Now that we have studied common push-pult amplifiers and phase'-spl itters 
let's take a look at a push-pull amplifier that doesn't require a phase 
splitter. This type of push-pull amplifier is called a complementdry- 
symmetry push-pull amplifier . A complementary-symmetry push'-pull ampli- 
fier is simply a push-pull amplifier that uses an nPN transistor and a 
PNF transistor in conjunction, so we will need a power supply that pro^ 
vides both positive and negative voltages to properly bias a complemen- 
tary-symmetry push-pull amplifier (see Figure 9). 



o — ff4wv 




COMPLEMENTARY-SYMMETRY PUSH-PULL AMPLIFIER 
'Figure 9 

Just as common push-pull amplifiers can be biased class A or class B, 
so can the complementary symmetry push-pull amolifier. We normally 
use class B bias for more efficient operation of the circuit. 

When we apply a positive signal to a class B biased complementary-symmetry 
push-pull amplifier, the NPN transistor (Ql ) will conduct and the PNP 
tra'isistor (Q2) will be cut off. The reverse Is true when the input sig- 
nal swings negative, Q2 will conduct and Ql will be cut off. 
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The positive input signal will drive the NPN transistor a-id give a posi- . 
tive output signal across Ft|^; a negative input signal will drive the PNP 

' transistor and provide a negative output signal across Because we 

use the coinmon~col lector configuration, we will not have phase inversion, 
and combining the output signals at R^^ eliminates the need for an output 
transformer. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS COkRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN KESTUDY THE PARTS OF THIS 
LESSON YOg ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS {IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON V 

Basic Transistor Ampyifier Circuit Analysis 



TEST FRAMES ARE 8, 12, 19, 23, 26, 28. GO FIRST TO TEST FRAME h 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIREC- 
TIONS GIVEN AFTER THE TEST FRAME. 

1. In the four previous lessons, you h^ve tdentffied a transistor, the 
voltage polarity at its elements that will cause it to conduct (biasing), 
- and a few common transistor circuit configurations. 

In this lesson you will learn the two limits of transistor operation (cut- 
off and saturation), and two classes of operating bias at which a transistor 
may be designed to function (class A or class B). You will also cover 
three new circuits: push*'pul 1 amplifiers, phase-splitter circuits, and 
comp iementary-symmetry ampl i f i ers. 

Up to this point, you have been concerned with biasing a transistor so 
it will conduct. You did this by applying the proper voltage to each 
elennent of a transistor. Not all transistors will be biased this way 
all the time. You will find some tiansistors to be reverse biased; 
that is, biased so they will not conduct. 

Uhich transistor is forward biased, or biased to conduct? 




.09 XI ^ 
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2, When a transistor is reverse biased, it is said to be at cutoff. The 
voltage on the base prevents current from passing through the transistor. 

Which transistor is reverse biased (cutoff)? 




d^ 

3* With the base voltage preventing current flow, the transistor appears 
as an open between emitter and collector. 

When measuring voltage across an open circuit, you will read source vol- 
tage* In this case you would read Vcc. 

At cutoff, the transistor is (conducting/not conducting). 











not conducting 



lUl 
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k, te;; frame 

Which of the following amplifiers is at cutoff? 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN 
AT THE TOP OF THE NEXT PAGE.) 
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IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 8, 
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEftUENCJ- BEFORE 
TAKING TEST FRAME % AGAIN, 

5* When a transistor is at cutoff, no cuVrent will flow through it. The 
voltage sources applied to the transistors' emitters in Tes*" Frame h in- 
sure the emitters wljl have a constant voltage level even if the ^.ransis- 
tors are at cutoff. The opposite to this condition 'S .saturation, when 
the transistor is conducting as hard as it can. In this case, the tran- 
sistor appears as a near short to the circuit* 

The extreme limits of transistor operation are and 



cutoff and saturation (in ahy order) 

6. The condition for a transistor to conduct is to have the bate forward 
biased with respect to the emitter. Increasing forward bi^b at the base 
allows more current to flow through the transistor. 

Which of the following amplifier circuits would have inore current flowing 
through the transistor? 




b. 



lib 

IJ2 
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7» At some value of forw^^rd bias, current through the transistor will 
reach a maximum. This condition will depend on the type of transistor 
and the circuit design. Any further increase of base bias cannot in- 
crease the amount of current through the transistor. 

When the transistor Is operating at saturation, the largest amount of 
current possible is passing through it. The collector load resistor has 
not changed its value. Using Ohmr law (E=1R), you can see that i^ 
current'^d) increases and resistance (R) remains the same, the voltage 
(e) across the resistor must increase. The voltage across the resis- 
tor «s limited by the amount of Vcc, 

At saturation the current will be (large/smal 1 ) through the transistor, 



laj^e 

8, TEST FRAME 

Which circuit is closer to saturation? 




(this is a test frame, compare your ANSWER WITH THE CORRECT ANSWER 
GIVEN AT THE TOP OF THE NEXT PAGEJ 
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IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME. 12. 
OTHERWISE, GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED oEQUEjJCE BEFORE 
TAKING TEST FRAME 8 AGAIN. 

9, When a transistor is saturated, It appears as a near short to the circuit. 
Nearly all of Vcc will appear across the load resistor (RL) * At this tilhe 
the collector will be closer to emitter voltage than at any ocher time. 

If the Voltage across the load resistor is about equal to Vcc, the t/ansis- *■ 
tor is at 



saturation ^ ^ 

iO, You have learned th3 limits of cutoff and saturation transistor oper- 
ation* Between these limits we have four classes of bias* Here we will 
discuss only two of these classes* The first is Class A. Up to now, the 
circuits you have studied used class A bias* The sine wave at the collector 
looked like the input sine wave, ^ut larger as shown in Figure K 





CLASS A AMPLIFIER 
Figure 1 
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Class A amplifiers operate betv/een what tv/o iimits? 



Cutoff and saturation (either orderj 



II* Class A bias is centered between cutoff and saturation. This point 
of operation forward biases the amplifier enough that the tnput sig'^ai 
peak ampi i tudes wi I i not drive the ^implifier into cither limit. 

Class A amplifiers amplify (a I I/par t/none) of the input signa!. 



12- TEST FRAME 

Which of the belov/ conditions exists In class A amplifiers? 

a. Current flows through the transistor at all times, 

b. Current flows through the transistor only when a signal is applied 
c» Current by-passes the transistor when a signal is applied, 

d. Current never flows through the transistor, 

- - 



(THIS IS A TEST FRAME, COMPARE YOUR ANSWER WITH THE CORRECT ANSWER 
GIVEK AT THE TOP OF THE NEXT PAGE,) 
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a. Curi;ent flows through the transistor at ali times. 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO TO TEST FRAME 15- 
OTHERWISE, GO BACK TO FRAMt 9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME \2 AGAIN, 

13. The second c^lass of operatVon, ond the Jast we will discus*: here, is 
referred to as Class B, Por this class of bias the base voltage is set st 
or j'ust below the cutoff voltage for the transistor* Class B bias pre- 
vents the ampl1fier*s conducting until the proper input signal is applied. 

J 

Which of the following circuits is class B biased? 
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Class B Bias 
Figure 2 

The circuit in Figure 2 is a class B biased (HPH) amplifier. Only when the 
input signal rises above positive one volt wiil the amplifier conduct* 
On the other hand, when the input signal passes below positive one volt 
the transistor js reverse biased and cut off* Therefore only'the posi- 
tive portion of the input signal will be amplified* ' \f the transistor 
used Is a PNP type, then the negative portion of the input will cause 
the amplifier'to conduct* 

When the transistor is operating at class B bias, the transistor is 

a* never cutoff* ^ 

b* operattj^g between cutoff and saturation* 

c* biased at or just below cutoff* 

d, always reversed biased. 



c* biased at or just below'cutoff* ~ 
15- TEST FRAME 

Which of the below conditions exists in a class B amplifier? 

a* Current flows through the transistor at all times* 

b* Current flows through the transistor only when a proper signal is 
, applied*' 

c* Current bypasses the transistor when a signal is applied* 

d. Current never flows through the transistor. 



(THIS t:; A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER 
GIVEN AT THE TOP OF THE NEXT PAGE*) 




Twenty One-V 



b~. Current flows through the transistor only when a proper signal is 
app 1 1 ed • 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU MAY GO TO TEST FRAME 19* 
OTHERWISE, GO BACK TO FRAME 13 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING, TEST FRAME 15 AGAIN. 

Phase-Spl itters 

r^T Some circuits we use require two inputs l8o* out of phase, but of 
equal amplitude. For this purpose we use a phase-spl i tter . See Figure 3* 



WPUT 




PHASE-SPLITTER 
Figure 3 

The transistor In the phase-splitter circuit will always be forward biased* 
Thfs wflJ allow both peaks of the Input sine wave to control the current 
through the transistor. 

Phase-splitter circuits will be class ( A/B ) biased? 



A 



17. The collector resistor and the emitter resistor will be of equal resis 
tance. With the same current flowing through both resistors* their voltage 
drops will be equal. Since the amplifier gives a phase reversal at output 
t the two output signals will be 180* out of phase (Figure 3). 



The output signals are taken from the transistor's 



Twenty One-V 
and 



collector and emitter (either order) 



18. In the previous circuit we used a transistor to perform phase-spl i tti 
Another way to provide the two needed waveforms is to use a center-tapped 
transformer (Figure , 



As you may remember from the power supply module^ the center tap effect- 
ively allows the secondary to act like two separate windings. 

With the center tap as reference^ the two signals from the secondary 
winding will be equal in amplitude and 180^ out of phase* 

The outputs from a center-tapped transformer will be ( in/out of) phase, 
and ( equal/unequal) in amplitude. 



out off equal (in that order) 
\3. TEST FRAME 

What is the function of a phase*spl i tter circuit? 

3, To provide two equal signals 180** out of phase, 
b. To provide two equal in-phase signals. 

To incraase the frequency of the input signal, 
'd. To increase the frequency of the outpi^t signal. 



(THIS IS A TEST FRAME, COMPARE YOUR ANSWER WITH THE CORRECT ANSWER 
^ GIVEN AT THE TOP OF THE NEXT PAGE.) 




TRANSFORMER USED AS PHASE-SPLITTER 
Figure h 
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a* To provide two equal signals IHO^^ut of phase. 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU HAY GO ON TO TEST FRAME 23. 
OTHERWISE GO BACK TO FRAME 16 AND TAKt THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 19 AGAIN. 

20* A circuit that uses phase-^spl i tters as an input is a push-^pull am- 
plifier. Push-puU amplifiers arc used because they provide high power 
amplification without distortion* Basically a push-pull amplifier is 
two common emitter circuits back to back (see Figure 5). They are usually 
class B biased. The first circuit is from -Vcc through half of T2's primary, 
transistor Ql , the emitter resistor (Rl), to ground. The other half of 
the push-pull is from -Vcc through the second transistor (52) to ground. 
Each half of the output transformer acts as a collector load. 

Push-pull amplifiers can be considered as two common 

circuits connected back to back. 



emi tter 

21. Class B bias holds a transistor at or near cutoff and only the proper 
signal polarity will cause the transistor to conduct. In this case only 
the negative swing of the input sine wave wl 1 1 forward bias the transistor 
and cause it to conduct. With the two equal sine waves at the bases ]80^ 
out of phase as shown in Figure 5, the bottom transistor ((12) will conduct 
during the first half cycle and the top transistor (Ql) will conduct during 
the second half cycle. 



1 2 3 



2 3 






PUSH-PULL AMPLiFiER WITH CURRENT WAVEFORMS 
Figure 5 
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In class B biased push-pull amplifiers the transistor'^ conduct ( at the 
same time/at different times) • 



at different times 

22* The amplified output signal from each transistor will be applied 
across its half of the output transformer, and the waveform across the 
secondary winding will swing in one direction the first half cycle, then 
in the opposite direction the second half cycle (Figure 6), 




Figure 6 

The output sine wave from the push-pull amplifier will be similar to the 
input sine wave but it v^ill contain much iwre power. 

True or Fal se: 

We use a center tapped transformer for the output of a push-pull ampli- 
fier to produce a smooth sine wave at Ihe output from the two signals 
of the transistors. 



True 

23. TEST FRAME 

What Is the function of a oush-pull amplifier? 

a* * To provide high vol tage gain* 
b* To provide high output power* 
c* To provide a large O.C. voltage* 
d* To provide current regulation* 



.(THIS IS A TEST FRAME* COMPARE YOUR ANSWER WITH THE CORRECT ANSWER 
GIVEN AT THE TOP OF THE NEXT PAGE*) 
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To provide high output power. 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU HAY GO ON TO TEST FRAME 26 
OTHERWISE, GO BACK TO FRAME 20 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 23 AGAIN. 

2^1, Now that we have studied common push-puJI amplifiers and phase- 
spHtters, let's take a look at a push-pull amplifier that doesn't 
require a phase-spl i tter, Thij type of push'pull amplifier is called 
a complementary-symmetry push-pull amplifier. 

A complementary-symmetry push-pull amplifier is simply a push^^pull ampli- 
fier tliat uses an NPN transistor and a PNP transistor in conjunction. 



No response required, 

25, We know from -lesson II that NPN and PNP transistors work thi» same 
except that they require opposite polarity voltages for proper opera- 
tion; that NPN transistors require a Positive Vcc and PNP translsitors 
require a Negative Vcc. To meet these requirements we will need a power 
supply that provides both negative and positive voltages to operete 
a complementary-syrranetry push-pull amplifier. 

In 3 complementary symmetry nush-pull amplifier we use: 

a. Two PNP transistors. 
Two NPN transistors, 
c. One PNP transistor and one NPN transistor. 



c. One PNP transistor ^nd one NPN transistorT 
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26. TEST FRAME 

A complementary-symmetry push-pull amplifier is: 

a. A pjsh-pul I amplifier used to complement the input signal* 
b* A push-pull amplifier that uses an NPN transistor and a PNP 
transistor. 

c, A series of push-pujl amplifiers, 

d. Two push-pull amplifiers hooked back to back. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER 
GIVEN AT THE TOP OF THE NEXT PAGE,) 
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b. A push-pull amplifier that uses an HPH transistor and a PNP transistor. 

IF YOUR ANSWER HATCHES THE CORRECT ANOWER, YOU MAY GO ON TO TEST FRAME 28. 
OTHERWISE, GO BACK TO FRAME Z^i AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 26 AGAIN. 

27. Now let's take a look at a schematic of a complementary-symmetry 



push-pull amplifier (Figure 7). 



CI Ri 
0 1 ( — ih^WV— 




OUTPUT 



COMPLEMENTARY SYMMETRY PUSH-PULL AMPLIFIER 
Figure 7 
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Just as common push-pull amplifiers can be biased class A or B, so can 
the' ctimplementary-symmetry push-pull amplifier be biased class A or B, In 
most cases we will bias a complementary-symmetry push-pull amplifier 
class B for more efficient operation. 

When a negative going signal ts applied, QZ will conduct and Ql will 
be cut off. With a positive signal in, we will drive the NPN tran- 
sistor and the result will be a positive signal across A negative 
Input signal will drive the PNP transistor and cause a negative output 
signal across Because the circuit is basicall/ a comnrKDn collector 
configuration, we will not have phase inversion in a complementary- 
symmetry push^'pull amptllfler, and we will not need a transformer^ to 
combine the output signal from the two halves of the circuit (Figure 8),, 



COMPLEMENTARY-SYMMETRY PUSH-PULL AMPLIFIfR WITH INPUT AND OUTPUT SIGNALS 

Figure 8 
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When we apply a positive signat to a ctass B biased complementary- 
symmetry push-pull amplifier, the NPN transistor (Ql) wilt conduct 
and the PNP transistor (Q2) will be in what state? 



Cutoff 



ERIC 
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28. TEST FRAME 

Hatch the following circuits with their proper names. 




(THIS IS A TEST Ft\AME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP 0? THE NEXT PARE,) 
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I, b; 2. fr; 3. d;- 



IF YOUR ANSWERS HATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PRO- 
GRAMMED INSTRUCTION FOR LESSON V MODULE TWENTY ONE. OTHERWISE GO BACK 
TO FRAME 27 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 28 
AGAIfJ. \ 

y 

AT THIS POINT, YOU HAY TAKE THE LESSON PRDGRES<^ CHECK. fF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON- 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THLS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDiO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



I3i 
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NARRAT I VE 
LESSON V 



Baste Transistor Amplifier Circuit Analyfiis 



In the four previous lessons you have studied transistors^ transistor bias, 
and a few conunon transistor circuit configurations* 

In this lesson you will learn the two iiMits {cutoff and saturation) of 
transistor operation^ and the operating "^t-.s at which a transistor cir- 
cuit may be designed ^"lo function (Class A or Class B) . You will also 
cover three new circuits: push-pull amplifiers, phase-splitters, and 
comptementary symmetry push-puH amplifiers* 



Until now, you have been concerned with biasing for continuous conduction 
of the transistor which requires forward bias* Not all transistors will 
be biased for constant conduction; they are sometimes biased so they wilt 
not conduct* This condition requires that the base not be forward biased 
with respect to the emitter as shown in Figure K 



When a transistor is reverse biased^ the transistor is said to be cutoff . 
At cutoff the base voltage level will prevent current flow through the 
transistor^ making the transistor appear as an open circuit between the 
emitter and the collector* 

Notice that the emitter of Ql Is tied to a +'* vdc source* This will In- 
sure that the emitter of QI is held at a constant ^ vdc even when Q) Is 
cutoff (no current flDw through the transistor). 



CUTOFF 



INPUToiaSH^ 




BASE-EMITTER JUNCTION REVERSE BIAS 
Figure 1 
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When measuring voltage ucross :in open circuit you will read source voltage. 
When the transistor is cutoff, you will read Vcc. 

Which circuit illustrated below has its t/ansistor biased at cutoff? 




SATURATION 



A transistor will conduct when the base, with respect to the emitter is 
forward, biased. If the forwaid bias on the base is increased (that is, in- 
jection of sine wave) conduction will increase* As with anything else, 
there is a limit. When this limit is reached any further increase in 
forward bias (or amplitude of t^e injected sin^ wave) cannot increase con-^ 
duction. This point is known as saturation* or the* transistor Is said to 
be saturated. This is shown in Figure 2. 




^..cuTOFf imn (vcc> 



SATURATION LMtT 



BASE-EMITTER JUNCTION WITH LARGE FORWARD BIAS 
Figure 2 
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The t^an5t5tor conduction is maximum fo** the applied Vcc. 

Which vircuit Illustrated below is closer to !>S^turation. (All transis- 
tors'? e of the same .type.) 






A saturated transistor acts almost like a short circuit. Nearly all of 
the Vcc will appear across the load resistor (R2}. At this time the voltage 
the collector of the transistor JTill be closer to the emitter voltage 
than at any other time. 

There are four classes of bias, but in this lesson w-e will discuss only 
two of these classes: Class A^nd Class B. 

Class A Bias \ 

AM the irrcuits you have studied have been class A biased. The waveform 
at the collector is the same shape as the input waveform, but it is 
larger. Class A bias centers the operating point of the transistor be** 
tween cutoff and saturation, so that all portions of the input signal 
are amplified as long as the input signal does not exceed the limits 
for cutoff and saturation, see Figure 3- 
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SATWATKtN 



CUTOfF 




CUTOFF 



SATMATION 



CLASS A BIAS 
Figure 3 



Class B Bias 



The second class of bias we will study I's class B. Class B bias sets the 
base bias at or just below the cutoff voltage of the transistor. This 
*) prevents the amplifier's conducting until, the proper input signal is applied^ 
as shown in Figtire 



+3.9V 



+2.9V 



♦1.9v 




IMf UT t. 




OUTPUT. 



+3VDC 
SOURCE 



CLASS B BIAS 
Figure h 
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The ampliffer circuit in Figure h is biased class B. The amplifier will 
conduct only when the Input signal rises above positive 2.9 volts; there- 
fore^ only the positive portion of the input signal will be amplified. If 
the transistor used is PNP, then .only the negative portion cf the inr^ut 
signal will allow the transistor to conduct. See Figure 5- 



-2.9v 




INPUT jl^t,^ 



-3.9v- 




-o OUTPUT - 




^f^-3VDC 
SOURCE 



PNP TRANSISTOR WITH CLASS B BIAS 

Figure 5 ^^-^ 



Phase-Spl itters 



Some circuits we use require two input? 180" out of phase. For thts purpose 
we use a phase-splitter circuit . See Figure 6. 



INPUT 




OUTPUT 



OUTPUT 



PHASE-SPLITTER 
F'igure 6 
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A phase-splitter is a circuit or device that takes a single input and 
supplies'two signals of eqt^al amplitude, buC l80^ out of phase. The 
transistor tn a phase*-spl i tt^r circuit will be forward (Class A) biased; 
this win allow both peaks of the input sine wave to control the current 
through it. ^ 

The collector resistor '(R3) and the emitter resistor (Rh) w(ll be of 
equal value. With the same current flow through both resistors the 
voltage drops will be equal. Since the transistor causes phase rever- 
sal of the input at the collector, the output signals will be I80° 
out of phase. , ' 

What^s the function of^a phase-splitter circuit? 

a. To provide two eqjal signals l80* out of phase. 

b< To provide two equal in-phase signals. 

c. To increase the frequency of the input signal, 

d. To increase the frequency of the output signal* 



a. Tc provide/two equaJ^Vjjnals 1 80'' out of phase* 

In the previous circuit we used a transistor to perform phase-spl I tt irrt 
Another way to pi'ov^de the needed waveform is to use a center- tapped 
transformer. As shown in the power supply module* the center tap effec- 
tively allows the secondary to act like two separate windings. See 
riqure 7. 





VftANSPORHER AS PHASE-SPLITTER 
Figure 7 



/ 



Wi i-h the center tap as reference, the two signals from the secondary 
windings will be equal in amplitude and ^iSO^ out of phase. 
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Push-PuU Amp! I f lers 

Push-Pull amplifiers are used because they provide hi<jh power amplification 
with minimum distortion. Basically a push-pull amplifier consists of two 
common'emi tter amplifier circuits connected back to back, as shown in Fig- 
ure 8. 




PUSH-PULL AHPLiFJER 
Figure 8 



The first circuit is from -Vcc through the ^Jpper half cf transformer T2 
through transistor (Ql) and emitter resistor ftl to ground- The other 
half of the^jush-pull is through -Vcc to the second transistor {(12). Each 
half of the output transformer (T2) acts as a collector load and transforip§ 
action combines the signals from each half into a sirK)oth output signal. 
Push-pull arnpUfiers are normally biased class B. The input section of 
a push-'pul 1 amplifier is a phase-splitter. 

Since c!ass B bias holds the transistors at or near cutoff, each trans- 
istor will conduct for only part of Us input signal (see Figure 9), 
In ^his case, only the negative swing of the wave applied to its base 
will forward bias either transistor and cause it to conduce. The two 
signals at the base are equal in amplitude but, l80^ out of phase- Thus, 
the bottom transistor ((12) will conduct for the first half cycle (at 
TI's primary), and the top transistor (QI ) will conduct for the second 
half cycle, 

NOTE^ The collector waveforms sho/vn are current waveforms. The vol tage 
waveforms shown by an oscilloscope would be complete sine v^^aves due to 
transformer action. 
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1 2 3 




PUSH-PULL AMPLIFiER CURRENT \*\VEFORMS 
Figure 9 

In push-pull amptlfrers, the transistors conduct ( at the same time/at 
different times) . 

/ 



at different times 

The amplified output signal from each transistor wM 1 be applied across 

Its half of the transformer (12). The secondary wave will swing In one 

direction the first alternation, and then tn the opposite direction for 
the second alternation. 




1 2 3 



Figure 10 



The Output from the push-pull amplifier will be similar to the Input, but 
much ((tore powerful* {More power may mean higi^er current rather than higher 
voltage). ^ * 

Now that we have studied common push-pull amplifiers and phase-sp 1 1 tters , 
let's take a look at a push-pull amplifier that doesn't require a phase- 
splitter. This type of push-pull amplifier Is called a complementary^ 
synmetry push-pull amplifier* 
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A compl ementary sytrvnetry push-'pull amplifier is simply a push-pull ampli- 
fier that uses an NPN tr<;nsistDr and a PNP transistor in conjunction. We 
know from lesson 11 that H?H and PNP transistors wrk the same, but they 
require voltages of opposite polarity for proper operation, NPN transis- 
tors require a positive Vcc; PNP transistors require a negative Vcc, There- 
fore We wi ) 1 need a power supply that provides both negative and positive 
voltages to operate a complementary^symmetry push-pull amplifier. 

A complementarysynmetry push-pull amplifier is: 

a, A push-pull amplifier u^'ed to complement the input signal, 

b, A series of push*-pull amplifiers* 

c, A push-pull amplifier that uses an NPN transistor and a PNP tran- 
sistor, 

d* Two push-pull amplifiers hooked back to back. 



c. A push-pull amplifier that uses an NPN transistor and a PNP transistor* 

Now, iet*s take a look at a schematic of a compiementary-symmetry push- 
pull amplifier (Figure II), 



Just as common push*-puli amplifiers can be biased class A or so can 
the complementary-symmetry push-pull amplifier be biased class A or B, 
In most cases we will use class B bias for more efficient operation of 
the ci rcui t* 

When we apply a positive input signal to a class B biased complementary- 
symmetry push-pull amplifier, the NPN transistor (QI) will conduct and 
the PNP transistor (02) wil! be cutoff. The reverse is true when the 
signal swings negative; Q2 will conduct and QI will be cutoff. When the 
input signal is positive^ we will drive the NPN transistor and the result 
will be a positive signal across R|^. A negative input signal will drive 
the PNP transistor and cause a negative output signal across R, . 




OUTPUT 



COMPLEMENTARY-SYMMETRY PUSH-PULL AMPLIFIER 
Figure II 
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Since the signals are combined at Rj^, we do not need a transformer to 

combine the output signals for the two halves of the circuit. This pro- 
vides considerable savings in cost and weight as ccmipared to a standard 
push-pull amplifier, but gives the same power and efficiency advantages. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PRO^^RESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATF PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS Oi" THIS 
LESSON YOU ARE HAVING OlFFtCULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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BASIC ELECTRICITY AND ELECTRONICS 



MODULE TVENTY ONE-T 



Multi-Element Vacuum Tubes 



in this module you will learn that there are more kinds of tubes than 
just diodes. Adding a control grid to a diode makes a trlode; add a 
screen grid and you will have a tetrode; then add a suppressor grid and 
you win have a pentode. You will learn how each of these grids affects 
the tube's operation. Special applications call for special tubes or 
power tubes. You will also compare the basic circuit configurations 
cox^ered in transistors to tfieir equivalent circuits with tubes. 

For you to learn the above* this module has been divided Into the 
following two lessons. 



Lesson I - Multi-Element V^jcuum Tubes 

Lesson II - Vacuum Trbe Circuit Configurations 
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LESSON I 
Hul t i-EI ement Vacuum Tubes 



1 



In this lesson you will study multi-element t^'bes and learn the advan- 
tages and disadvantages of tubes and how added elements overcome these 
di sadvantages* 

The learning objectives of this lesson are as follows: 
TERMINAL OBJECTIVEisf: 

2IT.1.^3 When the student completes this course* he will be able to 
IDENTIFY thafoperational similarities and differences that 
exist between tubes and transistors by comparing similar 
circuit applications, 100% accuracy is, required, 

ENABLING OBJECTIVE{s): 

tvhen the student completes thi^ lesson, he will be able to: 

2IT. 1,^*3-1 "lOENTIFY the elements of a triode tube by selecting the 
correct name for each element, given a schematic symbol 
and four choices oF names* 100% accuracy is required. 

2^,1,^*3-2 IDENTIFY the method of controlling current flow through a 
triode to obta! n -s rgnal amplification by selecting the 
correct statements from a set of four choices, 100? accur- 
acy is required. 

21T. 1,^*3-3 IDENTIFY a solid state device having current flow character- 
istics most like a triode vacuum tube by selecting the correct 
device from a list of four choices. 100? accuracy is required. 

21T*K'*3''» IDENTIFY a condition that will i:ause a triode vacuum tube to 
"cut off" by choosing the irK)st correct statement from a set 
of four choices, 100? accuracy Is required. 



2IT*U^3*3 IDENTIFY a cor>dItIon that will cause a triode vacuum tube to 
"saturate" by choosing the n)ost correct statement from a set 
of four choices, 100^ accuracy is required. 



21T.K'*3-6 IDENTIFY the screen grid in a tetrode vacuum tube given a 
schema'tic symbo! of a tetrode vacuum tube, 100? accuracy 
i s requi red , 



I'lS 



Overvi ew, 
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IDENTIFY the function of a screen grid in a vacuum tube by 
selecting the correct stdtement from a set of four choices, 
100^ accuracy Js required, 

IDENTIFY three major advantages a pentode tube has over a 
tetrode tube or a tricJe rube by selecting the statement 
containing all three advantages in it. 100^ accuracy is re^ 
quired. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES 
AND PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE, 
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LIST OF STUD^ RESOURCES 
LESSON 1 

Hulti-EIement Vacuum Tubes 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources: 

Written Lesson presentation in: 

Study Booklet: 

Summary 
Narrative 

Student's Gu^de: 

Audio/v;,3ual Response Sheet Twenty One-T-I 
Progress Check 

Additional Haterial(s): 

Audio/Visual Twenty One^T-l "'*Hul ti -Element ,uum Tubes: 
Enrichment Material (s): 

Fundamentals of Electronics, VoK 2» NAVPERS 93WOA-2 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING TtiE LEARNING 

SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 

TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME. 



Summary 



Twenty One-T-l 



SUMMARY 
LESSON 1 

Multi-Element Vacuum Tubes 



The diode vacuum tube contains two elements^ but vacuum tubes are not 
restricted to just two elements; tubes that must^do more than just rectify 
need three or more elements. Vacuum tubes (amplifiers) have three, four, 
five and more elements depending on what the tube is being used for. The 
rnost important^ from the standpoint of usage^ is the triode (Figure I). 
Inserting a fine wire mesh or control grid between the cathode and the 
plate creates the three element tube; the triode. The control grid (like 
the transistor base) determines the amount of electron flow through the 
device. - 




Tr iode 
Figure I 



Triodes are amplifying devices that function like KPN transistors. (NOTE : 
There is no tube equivalent to the PNP transistor. Current flow in a 
tube won't go that way.) Unlike the NPK transistor base, the control 
grfd is noffnally operated at some negative potential- This is necessary 
because a positive control grid would not only d)^w current (which in 
tube amplifiers is bad) but would conduct so many electrons to the 
plate, that it would always be saturated and could not amplify. The 
control grid can also hi placed at such a high negative potential , that 
nO current will flow through the tube, a condition known as cut-off. The 
control grid has such a great effect on the triode that it has more 
control over plate current than does plate voltage, but the triode isn't 
fault free. It really doesn^t work so well at high frequencies. (The 
rapid changes were more than the triode could handt^.) For high frequencies, 
vacuum tube amplifiers utilize tetrodes and pentodes. 
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Tetrode 
Figure 2 

The tetrode (Figure 2) Is a four element vacuum tube, with the fourth 
element inserted between the contro( grid and the plate. This element is 
called a screen grid. The screen grid acts as a shield and is nnrmally 
operated at su<De positive voltage (typically SO volts). Que to Its 
shielding effect, the screen grid also has more effect on pldt^ cu'^rent 
than does ptate voltage. The tetrode can handle the frequency^ but it Is 
not linear^ which causes distortion In the output when a lan^e Input 
signal Is applied. This non-linearity reduces the rjse ol" tetrode as an 
amplifier. ^ The solution to this probiein Is the pentode (see Figure 3). 




Pentode 
Figure 3 

The Pentode has a fifth element^ placed between the screen grid and the 
plate. This fifth element Is called a Suppressor Grid and It usually 
operates at the same potential as the cathode. It causes the plate 
current to rise uniformly with a proportional Increase in plate voltage* 
The suppressor grid also increases the available gain and extends the 
frequency range beyond that of the tetrode. 

Each of the mul tc -elemen t vacuum tubes can be used cn an amplifier circuit 
(radios, TV's) but they won't deliver the power required to drive a 
public address system or a radio transmitter. For this we use power 
tubes; power triodes, beam power tubes and power pentodes. The differences 
betwsci^ power tubes and regular multi-element tubes are minimal. The 
basic (differences are in the size of the internal eleme^its. The elements 
for power tubes are larger. 
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Schematically, the only difference in presentation Is the beam power tube 
(Figure . The beam power tube has all of the elements of a tetrode; 
plus, just above the screen grid, it has twc'beam forming plates. 



The function of the plates is to concentrate the electrons into a small 
area. Functionally, the beam power tube is identical to the power pentode 

Schematically, all components are referred to with letter number combina" 
tion. Resistors use "R", and capacitors use "C". Vacuum tubes use the 
letter "V". 

AT THIS POINT, YOU HAY TAKE THE '.ESSON PROGRESS CHECK. IF YOU 
ANSWEK ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE V/lLL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL. OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDlO/VISUAL MATERIALS {IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
5ELF-TEST ITEMS ON IHF PROGRESS CHECK CORRECTLY. 




BEAM FORMING PLATES 



Beam Forming Tube 
Figure ^ 
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NARRATIVE 
' LESSON 1 

Mul t l^EI ement Vacuum Tubes 



We have determined that a diode has two elements. 

These two elements are: the plate and the cathode. 

When the cathode is negative wUh respect to the 

plate^ the 'd lode wi 1 1 conduct* The conclusion can 

be drawn that the vacuum tube diode and the trans-* 

istor diode are functionally the same; they are used 

as rectifiers, they do not amplify, and they conduct 

current in only one direction, in 1907 Lee OeForest 

discovered that by placing a control grid, a small 

wire mesh, tn the diode between the cathode and the 

plate/ electron flow through the vacuum tube cc;Jd 

be controlled. This control was accomplished by 

varying the potential on the control grid. Since 

there were three elements involved, the device 

was called a TRIODE- 

u 

Which element was added to the diode vacuum tube to make It a triode? 

a. The base. 

b. The control grid. 

c. A second cathode. 

d. The controlrplate. 




PLATE 
CATHOOE 



b. The control grid. 



Electron flow through the triode is controlled by varying 
voltage. ^ 



a. plate 

b. cathode 

c. control grid 

d. base 



c. control arid 
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The triode is utilized as an amptifying device in the same manner as an 
NPN transistor- (Multi-element vacuum tubes have no equivalent to the 
PNP transistor.) Current* in the tube* will always flow from cathode to 
plate as in the NPN Transistor, as shown in Figure 




Figure 1 

Current never flows from ptate to cathode as in the PNP Transistor. 




Figure 2 



The fllustration in figure 2 includes a cut-^away view of the triode* It 
shows how the elements a^e r,ituated inside the glass envelope. 



Narrative Twenty One-T-l 

Figure 3 illustrates an exploded \f\e\i of the interior of the triode. 




Figure 3 



Using the illustration on the previous page, lets find out how a triode 
works. The control grid is normally operated at some negative potential 
with respect to the cathode; it is 'also physically placed much closer to 
the cathode than to the plate. Since the electrons must travel between the 
control grtd wires, the potentials of b6th the^ control grid and the plate 
are effective in controlling plate current. The control grid, however, being 
closer to the cathode, has ffiore control over plate current than plate voltage 
does. The control grid can be placed at such a high negative potential that 
no current wl 1 1 flow through the triode; (a condition referred to as cut-off) 
or the negative potential can be reduced to a point where all the available 
electrons at the tube's cathode flow to the plate and Increasing plate vol- 
tage will not increase tube current, (A condition referred to as saturation.) 

Current flow In a triode will be the same as current flow In 

a, 9U9 transistors, 

b, HPH transistors. 

c, NPN and PNP transistors. 
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b. NPN transistors. 



Which of the following statements is most correct? 

a. The control grid is normally operated at a negative potential with 
respect to^the cathode, and at a positive potential with respect to 
the plate. 

b. The control grid is the only element controlling plate current. 

c. The control gr id- potential has more control of plate current than 
the plate potential. 

d. The cathode is closer to the plate than is the control grid. 



c^^ The control grid potential has more control of plate current than the 
plate j>otential . 

Triode tubes can be used in the same type circuits as three element KPN 
transistors* Triodes will use the same classes of bias as the three 
element transi stor; namely Class A and Class B. Triodes work fine and 
last a long time, but th^re are sorte disadvantages; the most glaring 
Is the bad things it does at high frequencies. 

As the current through the triode Increases, pl^te voltage tends to 
decrease which causes plate current to also tend to decrease. This is 
the general effect when a sine wave is placed on the control grid of <^ 
triode. At high frequencies these changes are so rapid the triode just 
can't keep up, causing signal distortion. )t was discovered that if 
additional grids were used most of the problems could be alleviated. 
This l?d to the invention of the TETRODE {a four element tube) and the 
PE NTODE ' {a five element tube). 
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The tetrode (figure Is a four element vacuum tube, with the fourth 
element placed close to the control grid, but between the control qrid 
and the plate. The element, called a screen grid , compensates for some of 
the problems the triode encountered at high frequencies. . 




ID 



Figure ^ 

The screen grid Is normally operated at some positive voltage (typically 
90 volts) therefore acting as an accelerator for the electrons, and also 
as a shield between control grfd andplate. 

The addition of the screen grid provides a relatively constant voltage 
for the electrons emitted by the cathode* The screen grid also acts as a 
shield for the control grid and cathode against the electrostatic lines 
of force emitted by the plate, (So far, so goodi) 

Since fewer lines of force now exist between plate and cathode , changes 
in plate voltage have less effect on plate current, and, due to the 
shielding effect of the screen grid, the plate becomes merely a collector 
of electrons (similar to a photographic plate which collects light, but 
exercises no control over the amount of light It receives). In short, 
the screen grid voltage now will "have more effect cn varying plate current 
than variations In plate voltage wtlK 

Just what the doctor ordered, right? Wrongi The tube was found to be 
non-lJnear, (in oi:r»;r wvjo;*, when grid votuage Increaseo, piste c::rrcr;t 
wouldn't Increase at the same proportional ratej The non-linearity was 
no problem as far as frequency was concerned, but it caused a highly 
distorted obtput when large input signals were used. This limited the 
uses of the tetrode as an amplifier* 
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NOTE: With a large signal input the electrons, accelerated by the screen 
grid, would bounce off of the plate; not alt of tTie electrons, but enough 
to cause a lot of distortion, 

Hame the four elements of a tetrode: 



a^ Plate; b> Screen grid; c. Control grid; d. Cathode 

Which of the following statements is most correct? 

a. The tetrode is a non-linear device, but has wide applications as 
an ampl if ier, 

b. The screen grid acts as a shield between the control grid and 
cathode. 

c. The screen grid has more effect on plate current than plate 
voltage does. 

d. The tetrode has little distortion with a large signal input. 



c^ The screen grid has more effect on plate current than plate voltage 
does . 



The solution to the tetrode's distortion problem was (you guessed ttl) 

to add another grid* The new grid is placed between the screen grid and 

the plate. The grid is called a Suppressor grid and the vacuum tube is 
called a Pentode, see Figure 5- 





SUPPRESSOR GRID 



Pentode 
Figure 5 
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The suppressor grid is usually at some neg'.tive potential with respect 
to the plate and screen grid (normally at the satne potential as the cathode). 
Being negative, the suppressor grid serves to repel or suppress the electrons 
that bounce off of the plate, It also^ slows down the electrons approaching the 
plate but this action aoes not interfere wich el'^ctron flow from cathode to 
plate. Thus, at any ^jiven screen grid voltage, plate current rises smoothly 
from zero to its saturation point as control ^^rid voltage is uniformly 
increased. The addftfon of the suppressor grid also Increases 
the available gain and extends the frequency range. 

Name the elements of a Pentode: 




al Plate; bl Supressor grid; cT Screen grid; Control grid; 

Cathode. 



What advantages does a pentode have over a tetrode or a triode? 

a. Linear current increases, lower power requirements, and extendt^d 
frequency range. 

b. Extended frequency range, linear current increase, and g'-eater 
aval labte gain. 

c. Greater available gain, limited frequency range, and increased 
plate vol tage. 

d. Linear current increases, extended frequenry range, and decreased 
plate vol tage. 



b. Extended frequency range, linear current increase, and greater avail' 
able gain, 
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Each of the mul ti-elenient vacuum tubes can be used in an amplifier 
circuit and can do a very good job. (Your older radios and TV's are 
proof of that,) Yet, these tubes don't put out enough pow*^ to drive 
a public address system or e radio transmitter. For these applications 
we use POWER TUBES ; power triodes, beam power tubes, and power pentodes. 
The d i f f erence in regu lar multi-element tubes and power tubes is the 
size of the internal elenients* Povier tubes have much larger elements. 
The power triode ;ind the power pentode are schematically displayed the 
same as regular triodes and pentodes. The beam power tube Is slightly 
different. The beam power tube schentatic symbol is shown in Figure 6. 




PLATE 

BEAM FORMING PLATES 

CREEN GptD 
CONTROL GRIP 
CATHODE 



Beam Power Tube 
Figure 6 

The beam power tube has bea m forming plates which keep the electrons 
concentrated in a small area* Notice that these plates are at the same 
potential as the cathode. Functionally the beam power tube is identical 
to the power pentode. 

What is the primary difference between power tubes and regular multi- 
element tubes? 

d , S i ze of the tube. 

Number of control elements- 

c. Size of the tube elements. 

d. Plate voltage requirements* 



Size of the tube elenients. 
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Regular mul ti*-ii1ement type tubes may have more than one functional group 
of components In the same tube envelope* In other words, you can have 
dlode*-tr iodes» or ductriodes* 




and all kinds of pretty wild combinations. These tubes are pacjcaged this 
way to cut aown on space and, in some cases* for special circuit applica** 
fcion* Whet* you see one on a sche' -tic, remeniber it's a real tube and 
not a flyment of the printer's imu^^Jnation. 

Because of the large numb<^" of tube types In use» It has become necessary 
to establish a system of identifying the socket connections^ In diagrams 
of circuits that include tubes, it is common practice to show the socket 
connections, which In turn correspond to the connecting pins at the bottom 
of the tube* Also, to be consistent with general practice, all references 
to socket connections and tube pin numbering are made from bottom vrews of, 
sockets and tubes. Here are a few examples of tube pin numbering. 




0 



7 PIN M tWl ATURE 9 PlU MtWIATURE 



Tube Pin Numbering 
Pigure 7 

Schematicallyt all components are referred to with letters-number combina- 
tion. Resistors use and capacitors use **C*** Tubes use the letter **V* 
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AT THIS POINT, YOU ."AY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAHES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILEO TO UNOERSTANO ALL, OR MOST, OF THE LESSON, SELECT ANO USE ANOTHER 
WRITTEN MEOtUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITE'lS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON tl 

Vacuum Tube Circuit Configurations 



In this lesson you will learn how multi-element tubes are used in cir* 
cuits and how they compare to their transistor counterparts. 

The learning objectives of this lesson are as follows: 

TERMINAL OBJECTIVE(S) : 

21T. 2.^*3 When the student completes this course^ he will be able to 

IDENTIFY the operational similarities and differences that 
exist between tubes and transistors by comparing similar 
circuit applications, 100% accuracy Is required* 

ENABLING OBJECTIVE (S) : 



When the student completes this lesson, he will be able to: 

21T. 2.^*3*9 IDENTIFY by selecMng^ the solid state amplifier configuration 
(CBjCtj-CC) most iike a grounded cathode amplifier^ given 
four choices only one of which is correct. ]00% accuracy 
is required. 

21T.2.'*3»9- 1 IDENTIFY by selecting the output voltage waveform of a 

grounded cathode amplifier circuit given a schematic dia" 
gram of a grounded cathode amplifier^ an input waveform^ 
and a set of four waveform choices only one of which is 
correct* 100^ accuracy is required. 

2^.2.^*3-10 IDENTIFY by selecting the solid state amplifier circuit 

(CBj CCj CE) most like a grounded grid amplifier circuity 
given four choices^ only one of which is correct. 100^ 
accuracy i s requi red* 

211.2.^*3.10.1 IDENTIFY by selecting the output voltage waveform of a 

grounded grid amplifier circuit given a schematic diagram 
of a grounded grid amplifier, an input waveform^ and a 
choice of four waveforms^ only one of which is correct, 
loo?' accuracy is required. 

2^*2,^*3*11 IDENTIFY by selecting the solid state amplifier circuit 
(C5j CCj CE) most like a cathode follower circuit given 
four statements* only one of which is correct* 100^ 
accuracy i s requi red. 
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OVERVIEW 



ZIT.Z^'lSJKl IDENTIFY by selecting the output vol tage waveform of a 
cathode follower amplifier circuit given a schematic 
diagram of a cathode follower amplifier, <jn input waveform, 
and a choice of four output waveforms^ only one of which 
is correct, 100^ accuracy is required. 



2lT. 2,^*3, 12 IDENTIFY by selecting a schematic diagram of, a tube-type 
phase splitter circuit, given four schematic didgrams, 
only one of which is correct* 100^ accuracy is required, 

21T,2.'*3'13 IDENTIFY by selecting a scneniatlc diagram of a tube-type 

push-pull 3mplifi<;r circuit, given four schematic diagrams, 
only one of whicn is coiYect* 100? accuracy is required, 

21T,2,'*3»1'» VERIFY the proper operation of vacuum tube amplifier confi- 
gurations (CC, CG, CP) by observing the input and the output 
of the ar!>plifier given an oscilloscope, training device, and 
a job program. 100?:* accuracy is required, 

2tT, 2,'*3-!5 OPERATE d tube tf»ster by testing various types of tubes 
given a tube test a box of tubes, and a job program, 
100? accuracy is ,ufred. 



BEFORE i^OU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES OU THE NEXT PAGE, 
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LIST OF STUDY RESOURCES 
LESSON It 

Vacuum Tube Circuit Configurations 

To learn the jnaterial in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources: 

Written Lesson presentation in; 

Study Booklet: 

Summary 

Programmed I nst ruction 
Narrative 

Student's Guide: 

Job Program Twenty One-T-ll-l ^'Vacuum Tube Circuit Configuration*^ 

Job Program Twenty One-T-ll-ll "Ofteration of the TV-7 D/U Tube Tester** 

Progress Check 

Additional Material{s): 

Audio/Visual Twenty One- 1 I 'Operation of the TV-7 D/U Tube Tester'* 

Enrichment Haterial(s): 

Elertronics installation and Maintenance Book, Electronic Circuits, 
NAVSHIPS 0%7"000-0120, section 5 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES- THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME. 
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SUHHARY 
LESSON II 

Vacuum Tube Circuit Configurations 

In Module Twenty One, Transistor Amplifiers, you were introduced to the 
three basic amplifier configurations. 

They are the common-emitter, 



the common-base, 




and the comfnon*-col lect"^r, 

l+Vcc 




Each circuit has a particular function. Tubes are used in circuits that 
compare with these simple amplifiers* 
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The first is the grounded -cathode (see Figure I). (NOTE: B+ indicates 
source vol tage. ) 




o OUTPUT 



Figure I 

As in the conunan-emi t ter amplifier whet e the input signal was applied to the 
base^ the input signal is now applied to the control grid* The output 
signal is taken from the plate. This circuit has 180* phase inversion with 
good voltage and power gain* The grounded-cathode tube amplifier is the most 
extensively used vacuum tube circuit configuration* 

The second circuit configuration is the grounded-grid amplifier (see Figure 2)* 
As in the common-base circuit where the input signal |s applied to the emitter^ 




Figure 2 

the input ts applied to the cathode* and the output is taken from the plate. 
The grounded-grid amplifier, like the common-base amplifier, has n£ phase in- 
version* This circuit configuration is generally used in higher frequency 
applications* The grounded-grid has a lower power gain than the -grounded- 
cathode but it has a higher voltage gain. 
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The third type of circuit configuration is the grounded"pI ate (Figure 5)* 
This circuit is similar to the common^col lector circuit* A more common 
name for this circuit is cathode follower* 




^ OUTPUT 



Figure 3 



The input !s applied to the control grid and the output is taken from the 
cathode. Cathode followers are used in Impedence matching because of 
their high input impedance and low output impedance. The voltage gain of 
a cathode follower is less than unity 0)> and the power gain is less 
than that of the grounded-cathode amplifier. Cathode followers have no 
phase inversion between Input and output signals. 

The throe circuits we just compared were all single-ended. The next cir- 
cuit is a push-pull tube circuit (Figure ^) s As in the transistor circuity 
the tube push-pull amplifier will have transformer coupling into and out 
of the ci rcui t» 




Figure ^ 

As in the transistor push-pull amplifier, the secondary of the input 
transformer, Tl, provides the matched cubes with two identical signals 
180* out of phase. The amplified signal out of one tube is 180* out of 
phase with the other tube's output, thus providing the push-pull effect 
across the primary of the output transformer^ T2, 




Su(T¥nary 
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In the push-pull circuit you have two inputs^ one to each tube^ and one 
large output. The phase-splitter circuit (Figure 5) has one inpjt signal 
and two output signals. The phase-spl i tter^ therefore, can be Lsed as an 
input circuit for a push-pull amplifier. 




Figure 5 

The input sine wave is applied to the control grid of the tube. The 
output signals^ one from the plate and one from the cathode^ will be 
about the same size as the input signal. The cathode signal will be in 
phase with the i nput wh i le the plate signal is 180° out of phase wi th 
both signals. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAOES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN KESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH, IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEOiUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY, 
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PROGRAMMED INSTRUCTION 
LESSON I I 



Vacuum Tube Ctrcuit Configurations 



TEST FRAMES ARE 6, 10, J3, 19, AND 22. AS BEFORE, GO FIRST TO TEST FRAME 
6 ANU SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE, FOLLOW THE DIRECTIONS 
GIVEN AFTER THE TE5T FRAME, 

i, in Module Twenty One, Transistor Amplifiers, yOu learned that transis* 
tors ^re replacing vacuum tubes In irodern equipment. This is true; however, 
there are some things that tubes can do better than transistors. So 
some kinds of equipment use rnostly tubes, and it will be a while before a 
transistorized equipment replaces them. 

In the first few frames we will compare several transistor circuits with 
their equivalent vacuum tube circuits, 

1, The first of the vacuum tube circuits we will cover is the grounded- 
cathode amp 1 i f ier (Figure 1), This circuit is similar to the commoh^ 
emitter transistor amplifier. Power supply voltage in tube circuits 
referred to as B+ instead of Vcc as is found in transistorized circuits* 



INPUT o 



COHTROl 
SBID ' 




\ { ^ OUTPUT 



Figure 1 



Like the common^em) tter configuration of transistors, the grounded- 
cathode amplifier is the most widely used of the tube amplifiers. 
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The grounded-cathode circuit can be compared to the tran- 
sistor ci rcui t. 



common*- enjj tter 



2. The grounded-cathode amplifier provides good volt^^ge and power gain* 
That is, with a small signal applied to the control grid, a much larger 
signal is present at the plate. 

Which of the following circuits is comparable to the groundef'^cathode tube 
ampl ' ^ier? 




b. 
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3» In transistors we stated that a usual signal input was approxtmately 
0*3 volts* In vacuum tubes^ the Input voltage can range up to 20 volts 
and higher. The output signal will be larger than the input signal. The 
amount wit] depend on the circuit conf iguration, but its peak-to-peak 
value can never be larger than the Plate voltage. 

Input signals to tube circuits are usually (smaller/larger) than input 
signals to transistorized circuits* 



(larger") 
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The grounded-cathode and comnion-emi tter circuits have another similiarity 
— phase inversion* Both circuits have an inverted output signal as compared 
to the input signal (Figure 2), 



The output signal's maximum amplitude depends on the 



plate voltage supply (g+J 

5* What is the phase relationship between the input and output signals of 
a grounded-cathode tube amplifier? 



180" out of phase (or words to that effect.) 





I OUTPUT 
20V 



Figure 2 
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6, Which of the following output signals would you expect from a grojnded- 
oathode ci rcu^ t? 




THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN AT 
THt TOP OF THE NEXT PAGE. 



17' 177, 



P.I, 



Twenty One-T- 1 1 



i 

IF YOUR ANSWER HATCHES THE CORRECT AMSWER, YOU HAY GO OM TC TEST FRAME 10, 
OTHERWISE, GO BACK TO FRAME 1 AMD TAKE THE PROGRAMMED SEQUENOE BEFORE TAKIMG 
TEST FRAME 6 AGAIM, 



7» T^he second circuit conf iguratjon that we will examine iaVthe grounded- 
grid ampl i f ler (see Figure 3)» This circuit is similar to me common-base 
transistor configuration. 



INPUT o 1 f 




OUTPUT 



^ ' Figure 3 

The grounded-grid ampiifier is more generaMy found in high frequency appli- 
cations * 

The grounded*-grtd amplifier configuration is comparable to which transistor 
configuration? - 



common- base 
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8. The grounded-grid circuit has a higher voltage gain than the grounded- 
cathode, yet it has a lower power gain. 

Which of the transistor circuits illustrated below is comparable to the 
grounded-grid amptifier? 
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9. When the input signal is applied to the cathode and is taken from the 
plate, there is no phase inversion between the input and output signals. 

The grounded-gr i d circuit has a (smal ler/ larger ) voltage gain than the 
grounded-cathode ampl'fier, 



TTar^erT 



P.I. 
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10. Which of ths output signals illustrated belov; would you expect to see 
from s grounded-grld amplifier? 




THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GfVEN 
AT THE TOP OF THE NEXT PAGE, 
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IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU HAY CO ON TO TEST FRAHE 13. 
OTHERWISE, CO 8ACK TO FRAHE 6 AND TAKE THE PROCRAHHED SEQUENCE BEFORE TAKING 
TEST FRAHE 10 AGAIN. 

11. The last of the single-ended vacuum tube amplifiers we will compare 
is the g rounded-plate^ This circuit is more commonly called a cathode- 



fol lowen The cathode-fol lower gets its name because the signal at the 
cathode follows, or does the same, as the signal at the control grid* When 
the signal on the grid increases, the signal from the cathode Increases. 




OUT 



The cathode-follower tubs amplifier is comparabU to the common-collector 
amplifier* The input is appllej to the control grid and the output 's 
taken from the cathode* 

Which of the following circuits Is comparable to the cathode-follower? 

3 b. 



IKFUT o 



o OUTPUT 





OUT 



OUT 
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c . 



The output signal from the cathode*-foI lower will be slightly smaller 
than the input signal. The voltage gain is, therefore, less than unity 
(l). Cathode- followers, like grounded-grid amplifiers, do not invert 
the s ignal . 

The cathode-follower configuration is similar to the 

transistor configuration. 



common-col 1ect6f 



13. Whif^h of the output signals illustrated below would you expect rrom a 
cathode-fol lower? \ 



15V '^^^^ 




50 Vo]js 
I 



OUT 




THIS IS A TEST FRAME. COMPARE VOUR ANSWERS WITi! THE CORRtCT ANSWERS GIVEN AT 
THE TOP OF THE NEXT PAGE. 
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iF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU HAY GO ON TO TEST FRAHE 
OTHERWISE, GO BACK TO FRAHE 11 AND TAKE THE PROGRAHHED SEQUENCE BEFORE 
TAKING TEST FRAHE 13 AGAIN. 



IS. 



1^. The three configurations we just studied arc commonly used, single- 
ended type amplifiers. They will be found, one way or another. In tnost 
vacuum tube equipments. Two other circuits that are very common are the 
push-pui ] ampl i f ier and the phase-spl i tter . 

First, we will discuss the push-pull amplifier (see Figure 5). 




Figure 5 

Pjsh-pul 1 ampllfl^tr circuits are used because of the high power they car, 
deliver for the smail number of components needed; in this case power 
to drive a speaker* Radio and television sets often use this circuit 
for their speaker amplifiers. 



Push-pull circuits ar* used as 



ampl i f iers. 



power 



15. The push-pull circuit i Ifdstrated in Frame 1^ utilizes transformer 
coupling for the input and output; however, the circuit could also use ca- 
pa^.^tlve coupling for its Input. The center^tapped transformer, Tl, 
functions as ^ phase-splitter. When a signal is applied l6 the prim^ry^ 
the secondary of Tl provides two Identical outputs 18 out of phase. The 
signals from the input transformer are applied to t^ie control Sjrrds of the 
vacuum tubes in the push-pull stage, one to each tube. 
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The Input ccupWng of a push-pull amplifier may oe either 
or - 



transformer - capacitive (in any order) 



16- Notice that both tubes are connected together at their catho'Jes, The 
tubes are both grounded-cathode amplif ierSi When used i'^ this circuit 
configuration the tubes must be matched in their conduction characteristics 
to prov ide equa 1 ampl i f i cat ion* 

The two signals from the secondary of the input trans*ormer, TK are 
(ii phase/out of phase). 



(out of phase) 

17' If both amplifiers conduct equally, and the input signals to each tube 
are equal, then the output signals from the plate of each tube will be 
equal in amplit ie. These output signals will also be 180** out of phase, 
because both o ne grounded-cathode tubes wi!l invert their input signals* 

If the tubes are not rnatrhed, an adjustable resistor will have to be 
added to the cathode circuitry. The resistor must be adjusted so each 
tube will amplify the same* This adjustment changes the balance of the 
bias between one tube and the other* 
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The amplified signals from each tube are eguat in 
phase. 



but 



amp \ i cude - opposite in (180** out of) (or words to that effect) 
{in tridt order) 




The output signals from the tubes are applied across the primary of 
the output transformer, T2, When the current from one tube is increasing, 
the current from the other tobe is decreasing. The pu'-h-puU action 
causes the changes in currents to aid each other so that the output of 
power from the secondary is much higher. 

What component could be added o the cathode c?rcuitry to ensure egual 
c -^ndUCt i on? 



An adjustable resistor. 



\ 
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19. Which of the circuits illustrated below is a puuh-pull amplifier? 

T1 






THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN AT 
THE TOP OF THE NEXT PAGE. 
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Cj 

;F your answer matches the correct answer, you ^^AY 60 OM TO TEST FRAME 22, 
OTHERWISE, GO BACK TO FRAME U AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FIV\ME 19 AGAIN. 

20. In the push-pull circuit just studied, a transformer is used as a phase- 
splitter in the input stage. The function of the center^tapped trans- 
fonnert Tt, is to proddce two equal amplitude signals of opposite phase. 
The following circuit performs the same function* and could be used as an 
input to the push*-pul 1 amp!ifie;. 
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The Phase-Spl j tter c i rcui t has jus t one i nput & ignaK The output z \ gnals 

af* taken from the plate and the cathode of the tube. , The ciicuit is designed 

so that the output signals will be nearly equal In amplitude. 

The phase-splitter circuit has (one/tv^o) -input and (one^tw^) output 
s igna' (s) , 



one, two ttn that order)" 



21. With phase inversion between the Cditrot grid's input and the plate's 
output signal, and no inversion between the control g^'id signal and the 
cathode signal, the two output signals will be 180*^ out of phase with re- 
spect to each o\, 



J 




Match the correct sine wave to the proper output location. 
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22, Write the correct name for each of the following circuits on a separate 
piece of paper* 



a. 



c. 




1 Out 




b. 




d. 




OUT 




THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN 
AT THE TOP OF THE NEXT PAGE. 



185 



P.I. 



rwenty One-T- 1 1 



a. G rounded-cathode 
c. Phase-spl ttter 
e. Push-pul 1 ^ 



b, Grounded-grid 

d, Cathode-fol lower (grounded pla;.?) 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TtST ITEMS CORRECTLY^ PROCEED TO THE NEXT LtSSON. 
IF you' INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUtSTIONS, 
THE CORRECT WJSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/V'lSUAL MATERIALS (IF APPLICABLE), 
OR CONSULTATION WITH LE.^RNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON I I 

Vacuum Tube Circuit Configuration 

In Module Twenty One» Transistor Amplifiers, you were introduced to three 
single-ended amplifier configurations. They are: the common-emitter, 
the common-base, ^and the common-collector amplifiers. Each of these 
Circuits is used for a specific function or Job. In vacuum tube circuits 
there is comparable circuitry. This lesson will compare the transistor 
circuitry you have already studied to the comparable circuitry which uses 
vacuum tubes. 

The first of these circuit configurations is the grounded-cathode (see 
Figure 1). 




OUT 



GROONDED CATHODt: 



Figure 1 

The common-emitter configuration gives us amplification and phase inver- 
sion. The grounded-cattiode amplifier also gives us amplification and 
phase inversion. The major differences between the tube and transistor 
circuits is the power used by the tube. The vacuum tube can also handle 
larger voltages in its input and output. 

The maximum output signal of the grounded-cathode circuit, like the 
common-emitter amplifier, will depend on the power supply voltage (B+), 
so, the output signal may have better than 100 vol ts' al ternation. 

The grounded-cathode configuration has good voltage and power gain. 
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In the circuit represented belcw, which output signal wutd you expect to see 
from the grounded-ca^hode vacuum tube amplifier? 




i. A' f 

V i 



The Second circuft configuration (s the grounded-grld amplifier. This 
circuit compares to the comtnon-base transistor amptifier* 




COMMON BASE 

GROtlNOEO 6Rig 

Figure 2 
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In the common-base transistor circuit, the input signal ts applied to the 
emitter dnd the output Is taken from the collector- The output signal is 
amplified without phase inversion. The grounded^gri d circuit is comparable 
to the common-base circuit in that the output signal from the grounded-gr id 
tube amplifier is <also amplified without phase inversion- The grounded-gr id 
cfrcuit also has a larger voltage gain than the grounded"cathode circuit- 



Which output signal would you expect to see from the circuit illustrated 




d- 



# 



l9o 
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The third and Jast of the sigle-ended amplifiers is the ground'^d-plate con- 
figuration (see Figure 3)* In transistors it would be called common-collec- 
tor* 




OUT 



COMMON COLLECTOR 




OUT 



' GROUNDED PLATE 



Figure 3 



Thiis circuit 



see the c^t|wfjdt fc3 
trit^catli 



s generally referred to as a ca thode-f ol 1 ower > As you can 
lower's input is applied to the grid, and the output is 
taken from tFJ^cathode. Like the common-collector, the cathode-follower's 
voltage gain is less than unity (1), This means that the output signal 
voltage will be slightly less than the inpjt signal voltage. As with the 
common-collector circuit, the cathode follower will hsve no phase inversion 
between input and output signals. 



19G 
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The vacuum tube push-pul! circuit {Figure ^) t like the transistor push" 
pull p'ircuit, uses two amplifiers with their cathodes connected together- 




Figure ^ 



As in the transistor circuit, the tube push-pull amplifier uses transformer 
coupling for both the input and the output of the circuit- The two tubes 
will be matched by conduction characteristics- This will ensure that 
both will be conducting the same arfWDunt, thereby amplifying the two input 
signals to the same leveK The two signals from the amplifier's plates 
will be 3pplied across the output coupling transformer at the same time, 
but they Will be 180*^ out of phase^ The induced signal at the secondary 
of the transformer will have much more power than a single-ended amplifier 
csn provide* 

in the push-pull amplifier, you have t^o inputs, one to each tube, and 
one large output. In the phase-splitter (Figure 5), you have the opposite; 
one input and two outputs. The output signals will be 180^ out of phase 
with each other, The amplitudes of the two output signals are nearly 
equal because the plate (Ri») and cathode (R3) resistors are of equal 
value, I 




Narrative Twenty One-T-11 



Correctly name each of the following circuits in the spaces provided. 




aT G rounded-cathode; b^^ Pus,h-pu] 1 ; Grounded-gr (d; 

d> Grounded-platfc (cathode followerjj e> Phase-splitter^ 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE. PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, pR MOST, OF THE LtSSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, A«0(0/VISUAL MATERIALS (iF APPLICm8LE), 
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL 
SELF-TE?T ITEMS ON THE PROGRESS CHECK CORRECTLY. 



